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Abstract 
 
Background: Labour dystocia (prolonged labour) occurs in the active first stage or in the second stage 
of labour. Dystocia affects approximately 21-37% of nulliparous, and 2-10% of parous women. The 
condition is associated with increased risks of maternal morbidities, instrumental vaginal deliveries 
and is the most common indication for a primary caesarean section. The effects of the duration of 
second stage on neonatal outcomes are still unclear. Dystocia primarily affects nulliparous women, but 
the risk of recurrence in following labour has not previously been investigated. The aim of this thesis 
was to elucidate factors influencing the risk of dystocia and the effects of prolonged second stage of 
labour on neonatal outcomes. 
Material and Methods: Studies I-IV are population-based cohort studies. The first two are nation-
wide, based on the Swedish Medical Birth Register (MBR). In study I, births between 1992 and 2006 
were covered and in study II, the corresponding period was 2006 to 2011. The Stockholm-Gotland 
Obstetric Cohort was used in the third and fourth studies, from 2008 to 2012 in study III and 2008 to 
2013 in study IV. Term and post-term singleton pregnancies with infants in cephalic presentation, 
were studied in all four papers. In study I, 239 953 women who gave birth to their first and second 
infants, were assessed regarding the risk of recurrence of labour dystocia and mode of second 
delivery. In study II, the association between use of low-molecular-weight heparin (LMWH) during 
pregnancy and risk of labour dystocia was examined in 514 875 nulliparous and parous women. Study 
III and IV included 32 796 and 42 539 nulliparous women, respectively. The associations between 
duration of second stage (study III and IV), and adverse neonatal outcomes such as low 5-minute 
Apgar score (Study III), umbilical cord acidosis, birth-asphyxia-related complications and admission 
to neonatal intensive care unit (NICU) (study IV) were assessed. In addition, the effect of duration of 
pushing on adverse neonatal outcomes were examined in study IV. 
Results: The overall risk of recurrence of labour dystocia in second labour was not very high, but 
there was a substantial risk of recurrence of labour dystocia in women with previous caesarean 
section. Instrumental vaginal delivery and caesarean section in second labour were not only associated 
with previous dystocia and mode of delivery but also with fetal and maternal characteristics. LMWH 
use during pregnancy was not associated with risk of labour dystocia after adjustments for potential 
confounders. Increasing duration of second stage was associated with increased risk of low 5-minute 
Apgar score, birth-asphyxia-related complications, and admission to NICU for the infant. Umbilical 
artery acidosis increased with duration of pushing, but not with duration of second stage. However, 
the absolute risk differences of most of the adverse neonatal outcomes, were low.  
Conclusions: Taking individual obstetric and demographic information into account is important in 
the risk assessments for dystocia and instrumental delivery in second labour. Use of LMWH during 
pregnancy does not seem to influence the risk of labour dystocia. With increasing duration of second 
stage and pushing, fetal surveillance is of outmost importance. 
Key words: Labour dystocia, mode of delivery, recurrence, low-molecular-weight heparin, pushing, 
second stage of labour, duration, neonatal outcomes, asphyxia 
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 3 
1 INTRODUCTION 
 
Labour dystocia is the leading cause of interventions during delivery. Other terms used equally for 
labour dystocia are prolonged labour, difficult labour, dysfunctional labour, failure to progress, 
cephalopelvic disproportion (CPD) and obstructed labour. Dystocia can be diagnosed during the 
active phase of first stage of labour or in the second stage of labour including the descending (also 
called passive phase) and expulsive phases (also called bearing down or pushing) (Figure 1.1). 
 
 
Figure 1.1: Stages and phases of the delivery process. 
The World Health Organisation (WHO) estimates 303 000 global maternal deaths in 2015, where 
99% occur in low-income countries. Obstructed labour contribute to an estimated 2.8% of the 
maternal causes of death worldwide.1, 2 An estimated 3.1 million deaths occurred in the neonatal 
period (0-27 days) globally in 2010, where intrapartum–related complications accounted for 23% (0.7 
millions).3 
In a high-income setting, it is uncommon with extensive durations of delivery and obstructed labour 
by abnormal presentation of the fetus, with subsequent maternal and neonatal mortality or severe 
morbidity. Challenges in these settings include increasing incidence of labour dystocia and high 
caesarean section rates, partly due to dystocia. The objectives are to reduce non-medically indicated 
caesarean sections and instrumental vaginal deliveries, and to avoid adverse maternal and neonatal 
outcomes. The absence of consensus about the definitions of the beginning of active labour, of 
normal labour and dystocia in first and second stages, makes this field difficult to explore.  
The four studies in this thesis aim to investigate factors influencing the risk of dystocia and 
consequences of dystocia for the mother and the neonate. These associations were studied in term and 
postterm pregnancies (≥ gestational week 37), which is the gestational age period when dystocia 
primarily occurs. In addition, the majority of all serious complications affect term infants because of 
their large number. Hopefully, the results of these studies may contribute to an improved and safer 
delivery care for the woman and the infant, with as few interventions as possible.
 
 
 
 
Prolonged Second Stage Prolonged First Stage 
Second stage First Stage 
Latent phase Active phase Descending phase Expulsive phase 
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2 BACKGROUND 
2.1 THE SWEDISH HEALTH CARE SYSTEM FOR PREGNANT WOMEN 
 
All women in Sweden are offered free health care during pregnancy. About 98% of pregnant women 
adhere to the routine antenatal program and 99% are delivered in hospitals. Uncomplicated 
pregnancies and deliveries are supervised by nurse-midwives with little involvement from 
obstetricians, whereas complicated pregnancies and deliveries are managed together with 
obstetricians.4 Since the beginning of the 1990s, all pregnant women are offered at least one 
ultrasound scan during pregnancy; the average is slightly more than two ultrasounds.5 If only one 
routine ultrasound scan is offered, this is usually around gestational week 18, and is accepted by 
more than 95% of all pregnant women.6 According to Swedish recommendations from 2010, if an 
ultrasound scan is performed at 12-14 gestational weeks this is to be preferred for dating the 
pregnancy rather than a scan at 15-22 weeks.7 
2.2 SWEDISH DELIVERY STATISTICS 
 
The Swedish delivery statistics were retrieved from the National Board of Health and Welfare’s 
report in 2015. During the 21st Century the number of deliveries in Sweden has increased, and in 
2014 the number reached almost 114 000. Among mothers with a personal identity number, 99% of 
the infants were found in both the Swedish Medical Birth Register (MBR) and in Statistics Sweden. 
Slightly more infants were registered in the MBR since mothers without personal identity numbers, 
such as asylum-seeking women and women without documents, are more frequently reported in the 
MBR.8 
 
Compared to 1973, women giving birth in Sweden in 2014 were older (mean age 23.7 and 28.5 years, 
respectively) and are more often born in other countries than Sweden (10.3% and 26.7%, 
respectively). The proportion of women being over-weight or obese (BMI 25 or more) at the first 
antenatal visit has increased over time (25.4% in 1992 compared to 38.1% in 2014) (Figure 2.1). 
While daily smoking during pregnancy decreased drastically during the same time period (from 
22.9% to 5.5%). Compared to women with upper secondary and post-secondary education, women 
with only compulsory education, are more often smokers and over-weight during pregnancy. 
 
In 2014, about 88% of all pregnancies were delivered at full-term (from 37+0 to 41+6 gestational 
weeks) and 17% of these were induced. About 76% were delivered by a vaginal non-instrumental 
delivery. The rates for caesarean section among singleton deliveries were 5.3% in 1973 and 17.7% in 
2014. The frequency of caesareans differed between the Swedish Counties, from the lowest rate of 
11.6% to the highest of 21.6% in the Stockholm County. The proportion of caesarean sections was 
somewhat lower in groups with higher education than for other groups. 
 
Of all childbirths in 2014, vaginal instrumental deliveries with vacuum extraction was performed in 
7.6%, and with forceps in 0.1 % (Figure 2.2). Among nulliparous women with vaginal deliveries in 
Sweden, 52.7% used epidural analgesia. This varied from hospital to hospital, however, and ranged 
from 21.7% to 72.4%.8 The number of stillbirths was 4.0 per 1 000 born infants and the neonatal 
mortality within 0-27 days after birth was 1.5 per 1000 live-born in 2014.8 According to the Swedish 
Neonatal Quality Register (SNQ) the proportion of neonates admitted to neonatal wards within 0-28  
days after birth in 2014 was on average 10.0% in Sweden, and 9.8% in the Stockholm County.9 
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Figure 2.1: Rates of over-weight and obese women in early pregnancy in Sweden 1992 to 2014. 
Dark purple line: Over-weight women (BMI 25.0-29.9) Light purple line: Obese women (BMI ≥30) 
Source: The Swedish Medical Birth Register, National Board of Health and Welfare 
 
 
Figure 2:2: Mode of delivery among women giving birth in Sweden 1995 to 2014. 
Blue line: Elective caesarean sections Red line: Emergency caesarean sections 
Pink line: Instrumental vaginal deliveries (vacuum extractions and forceps) 
Source: K Källén, National Board of Health and Welfare 
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2.3 THE LABOUR PROCESS 
 
Labour is a continuous process, yet it is divided into different stages and phases. Friedman’s work 
in the 1950s and thereafter has been the foundation for assessing normal labour progression.10-13 
Statistical observations of 500 nulliparous women at term were studied by graphing cervical dilation 
against time and was then synthesised into the characteristic sigmoid curve (Figure 2.3).11 Labour 
was divided into the first and second stages. The first stage was further divided into the latent phase 
and the active phase. By defining the thresholds of normal labour, Friedman’s work has had a 
profound impact on labour management world-wide for more than six decades. 
Latent phase 
The latent phase starts with the onset of labour, i.e. the perception of contractions followed by 
cervical effacement and initial dilation and continuous until the active phase begins. The duration of 
the latent phase varies greatly and it is commonly ill-defined. According to Friedman’s work, based 
on the 95th percentile threshold, a prolonged latent phase is defined as more than 20 hours for 
nulliparous and 14 hours for parous women.13 According to the Swedish Society for Obstetrics and 
Gynecology’s definition of the International Classification of Diseases, 10th revision (ICD-10), 
prolonged latent phase is defined as more than 18 hours. Labour dystocia cannot be diagnosed 
during the latent phase. 
Active phase of first stage of labour 
The active phase of first stage of labour (also referred to as the active phase) is demonstrated by an 
increased rate of cervical dilation and ultimately fetal descent. It usually starts at cervical dilation of 
3-5 cm and continues until the cervix is fully dilated (in Sweden fully dilated is defined as retracted, 
i.e. the cervix can no longer be reached around the presenting part when dilated ten centimetres) 
(Table 2.1). The active phase was subdivided into the acceleration, maximum slope and 
deceleration phases in Friedman’s curve, which describes the pace of cervical dilation (Figure 2.3). 
According to Friedman’s studies in the 1950s, the rates of cervical dilation was 1.2 to 6.8 cm/h in 
nulliparous women.11 More recent studies have found longer durations of the active phase than 
previously described by Friedman.14-16 In a study where a historical cohort (1959-1966) was 
compared to a contemporary cohort (2002-2008), the median duration from 5 cm to 10 cm was 1.2 
hours (95th percentile 7.9) compared to 3.0 hours (95th percentile 15.0), respectively.16 In addition, 
Zhang and co-workers in 2002, found that an absence of dilation change for 2 hours before 7 cm 
was common.15 Other studies have also found that the transition from the latent to the active phase 
takes place later than previously described.17, 18 
The historical definitions of labour progression have been reassessed in studies on contemporary 
populations. The study from the Consortium on Safe Labor includes singleton deliveries at term in 
vertex presentation with vaginal deliveries and normal perinatal outcomes. The study population 
reflects current obstetric management, in which almost half the women received oxytocin and about 
80% received epidural analgesia. The median duration for nulliparous women admitted at 4 cm was 
5.3 hours and the 95th percentile 16.4 hours. The standard dilation rate for nulliparous women was 
0.5-0.7 cm/h and for parous women 0.5-1.3 cm/hours.19 This was substantially slower than the rates 
derived from Friedman’s work. According to this study, labour may take longer than 6 hours 
between 4 and 5 cm and longer than 3 hours to progress from 5 to 6 cm dilation for both nulliparous 
and parous women. Thereafter, labour accelerates much faster in parous women (Figure 2.4).19 The 
authors suggest that dilation of 6 cm seems to be a better transition point between latent and active 
phase and that there is a non-linear relationship where absence of dilation for 4 hours may be 
normal in early labour but is prolonged after a dilation of 6 centimetres.18, 19 
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Figure 2.3 Friedman’s labour curve. The mean labour curve, cervical dilation versus time, based 
on the study of 500 primigravidas at term. 
Friedman. Primigravid Labour, A graphicostatistical analysis. Obstet and Gynecol 1955. 
  
Figure 2.4: Zhang’s labour curve. Average labour curves by parity in singleton term pregnancies 
with spontaneous onset of labour, vaginal delivery and normal neonatal outcomes. P0, nulliparous 
women, P1, women of parity 1, P2+, women of parity 2 or higher. 
Zhang. Contemporary Labour Patterns. Obstet Gynecol 2010.  
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Table 2.1: Definitions of the start of the active phase of first stage of labour according to 
British, Swedish and American guidelines. 
 
Definitions of the start of the active phase of first stage of labour 
 
U.K., NICE guidelines, 2014:20 
Regular painful contractions and progressive cervical dilation from 4 cm. 
Swedish guidelines, National Board of Health and Welfare, 2001*:21 
Two out of three criteria’s: 
Cervical dilation of 3-4 cm 
Three or more regular contractions every ten minutes 
Rupture of the amniotic membranes 
American College of Obstetricians and Gynecologists, 2003:22   
Cervical dilation of 3-4 cm 
American College of Obstetricians and Gynecologists, 2014:23 
Cervical dilation of 6 cm (for most women, with reassuring fetal and maternal status) 
 
* A revised recommendation by the Swedish Association of Midwifes and Swedish Society of Obstetrics and 
Gynecology was made in 2015:24 Two out of three criteria: Dilation of the cervix of 4 cm or complete 
effacement of the cervix and dilation of more than 1 cm,  at least 2-3 spontaneous regular, painful contractions 
or spontaneous rupture of the membranes. Together with these criteria’s, progress of the delivery must be 
documented within the following two hours. 
Second stage of labour 
The second stage of labour is defined as the duration from complete cervical dilation until birth of 
the infant. It starts with the descending phase, also called the passive phase, with passive descent of 
the fetal head. The passive phase is followed by the active phase, also known as expulsive phase, 
bearing down or pushing. The active phase of second stage of labour begins either when 
contractions become expulsive or by voluntary active pushing by the woman.25 The clinical routine 
in Sweden is “delayed pushing”, i.e. to start active maternal expulsive efforts when the woman 
either feels a strong urge to push or, when the fetal vertex is by or close to the pelvic floor.26  
In the work performed by Friedman, the mean duration of the second stage of labour was 57 
minutes in nulliparous and 18 minutes in parous women.11 When excluding caesareans, the mean 
duration in nulliparous was 103 minutes, and 33 minutes in parous women in another report.27 
Longer durations have been described with the use of epidural. In a study in 1989, the mean 
duration for nulliparous women without and with epidural analgesia was about 50 minutes (95th 
percentile: slightly more than 2 hours) and about 1 hour and 20 minutes (95th percentile about 3 
hours), respectively. For parous women without epidural about 20 minutes (95th percentile about 1 
hour) and with epidural, 45 minutes (95th percentile slightly more than 2 hours).28, 29 In the study by 
Consortium on Safe Labour, the median duration of second stage for nulliparous women without 
epidural analgesia was 36 minutes (95th percentile 2 hours and 48 minutes). The corresponding 
median duration for nulliparous women with epidural was 1 hour and 6 minutes (95th percentile 3 
hours and 36 minutes).19    
The normal upper limit for duration of second stage of labour in nulliparous women has historically 
been 2 hours. This limit was established already at the beginning of the 20th century. In a landmark 
   
9 
study from 1952, an increased infant mortality was reported after 2.5 hours and the 2-hour rule 
became the standard.30 The decision to increase the thresholds of duration of second stage by an 
additional hour with the use of epidural analgesia, was influenced by a study by Cohen et al in 
1977.31  Until recently, the normal duration of second stage of labour for nulliparous has commonly 
been defined as 2 hours and 3 hours, the upper limit with epidural analgesia. The corresponding 
limits for parous women have been 1 and 2 hours, respectively (Table 2.3).29 
Biological changes during pregnancy and parturition 
 
The parturition is a multifactorial physiologic process, a culmination of series of integrated 
biochemical events, leading to gradual changes in myometrium, decidua and the uterine cervix. The 
timing of labour is based on a complex interaction between the mother, fetus and the placenta. The 
uterus consists mainly of muscular tissue, and the myometrium enables growth of the fetus and the 
placenta. Meanwhile, there is a myometrial unresponsive state through the action of various 
inhibiting substances and hormones.32 To enable parturition, the myometrium must be converted 
from this quiescent state and become a highly coordinated, contractile organ. The fetus probably 
influences this conversion in myometrial activity by affecting placental steroid hormone production, 
by mechanical distention of the uterus and by the secretion of hormones and other stimulators of 
prostaglandin synthesis.33 
The non-pregnant cervix consists mostly of extracellular matrix while muscle fibres only constitute 
a small part. The ripening process mainly involves changes in the extracellular matrix. This partly 
inflammatory process, starts already in the first trimester, with a gradual decrease in extracellular 
matrix proteoglycans and collagen.34 Just before or at the start of labour, an inflammatory reaction, 
which is characterised by the presence of pro-inflammatory cytokines and leukocytes takes place.35 
This remodelling leads to softening, effacement and dilation of the cervix and allows the passage of 
the fetus into the birth canal. 
Additional changes involve a shift from progesterone dominance in favour of estrogen, increased 
responsiveness to oxytocin, and actions of prostaglandins and relaxin. Increased formation of gap-
junctions between myometrial cells allows transmission of the contractile signal.32, 33  
The composition of proteoglycans in the extracellular matrix alters during pregnancy and delivery. 
Levels of heparin sulphate proteoglycans increase during labour36, 37 and could play a role in 
myometrial contractility.37 Compared to normal labour, the heparin sulphate proteoglycan syndecan 
3 decreases in protracted labour.38  
Low-molecular weight heparin (LMWH) is a form of antithrombotic drugs. These are used during 
pregnancy as prophylaxis for or treatment of venous thromboembolism as well as for some 
clinically practiced indications during pregnancy. The effects of LMWH on myometrial 
contractility and interleukin secretion from cervical cells as a part of the cervical remodelling has 
been described in an in vitro study.39 
Montevideo Units 
To evaluate the uterine contraction pattern, Montevideo units (MVU) are used. MVUs are calculated 
by subtracting the baseline uterine pressure (mmHg) from the peak contraction pressure and 
summarising the intensity of each contraction in a 10-minute period. To record the baseline 
intrauterine pressure in the uterus, an intrauterine pressure catheter is used. Generally more than 200 
Montevideo Units during a 10-minute period are considered necessary for adequate labour during the 
active phase. 
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2.4 LABOUR DYSTOCIA 
2.4.1 Definition 
 
Dorland’s Illustrated Medical Dictionary, 28th Edition, 199440 
Williams Obstetrics 24th Edition, 201441 
Other terms used equally for labour dystocia are prolonged labour, difficult labour, dysfunctional 
labour, failure to progress, cephalopelvic disproportion (CPD) and obstructed labour. The definition of 
dystocia is debated and there is no consensus. Dystocia can be diagnosed during the active phase of 
first stage or in second stage of labour including the descending and expulsive phases. 
Dystocia in the active phase of first stage of labour 
Dystocia in the active phase has been divided into protraction disorder: slower-than-normal progress 
and arrest disorder: complete cessation of progress. Based on Friedman’s studies, the definition of 
protracted active phase with the 95th percentile has been cervical dilation of less than 1.2 cm/h for 
nulliparous and less than 1.5 cm/h for parous women.11-13 Active phase arrest has traditionally been 
defined as the absence of cervical change for 2 hours or more in the presence of adequate uterine 
contractions (Table 2.2). These time limits have been the paradigm for labour management for more 
than half a century. 
Table 2.2: Traditional definitions of labour dystocia in active phase of first stage of labour. 
 
Dystocia - abnormal or difficult labour 
Dys (greek) - a combining form signifying difficult, painful, bad, disordered, abnormal; the opposite 
of eu- 
Tokos (greek) - birth 
 
 
“Dystocia literally means difficult labour and is characterized by abnormally slow labour progress”. 
 
 
 
Labour patterns during active first stage 
of labour 
 
 
Nulliparous 
 
Parous 
 
   
 
Protraction disorder   
 
Dilatation <1.2 cm/h <1.5 cm/h 
 
Descent <1.0 cm/h < 2.0 cm/h 
 
Arrest disorder   
 
No dilation >2 h >2 h 
 
No descent >1 h >1 h 
   
11 
Table 2.3: Definitions and recommended interventions for labour dystocia in Sweden, U.K. and 
the U.S. 
 
 
 
U.K. NICE-guidelines25  
Second stage of labour: Nulliparous: delay should be diagnosed when the active second stage has 
lasted 2 hours, and most women are expected to be delivered within 3 hours. Corresponding 
duration for parous women are 1 hour, and 2 hours respectively. Suspect delay for nulliparous and 
parous women if inadequate rotation and/or descent of the presenting part after 1 hour and after 30 
minutes of pushing, respectively. 
 
  
Swedish Society of Obstetrics and Gynecology’s definition of ICD-10 codes for dystocia, 2014 
Primary dystocia: slow progress, dilation of the cervix less than 1 cm/hour during the active phase, 
cervical dilation ≥ 3-4 cm. 
Secondary dystocia: no progress for at least 2 hours after initially normal progress; down-bearing 
of the head is also progress. 
Prolonged first stage of labour: first stage (from 3-4 cm) of more than 15 hours in nulliparous and 
11 hours in parous women. 
Prolonged second stage of labour: (for example >3 hours in nulliparous women) 
National Swedish guidelines: Indication for augmentation with oxytocin during active labour, 
201126 
Initiation of augmentation of labour with oxytocin is recommended if:* 
Active phase of first stage progress: less than 1 cm per hour for 3 hours 
Second stage progress: has ceased during descending phase for 1 hour, expulsive phase for 30 min 
*Following conditions must be fulfilled: At most, 5 contractions in 10 minutes, no signs of fetal asphyxia, low 
probability of fetopelvic disproportion, ruptured membranes (spontaneous or by amniotomy), progress of the 
delivery is monitored, continuous cardiotocography (CTG) and information given to the woman  
American College of Obstetricians and Gynecologist (ACOG) Practice Bulletin, 200329 
“Before an arrest disorder can be diagnosed in the first stage of labour, the following two criteria 
should be met: 1) the latent phase is completed 2) a uterine contraction pattern exceeds 200 
Montevideo units for 2 hours without cervical change” 
The diagnosis of a prolonged second stage should be considered when the second stage exceeds 3 
hours if regional anesthesia has been administrated or 2 hours if no regional anesthesia is used. In 
parous women, the diagnosis can be made when the second stage exceeds 2 hours with regional 
anaesthesia or 1 hour without:” 
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Table 2.3: Definitions and recommended interventions for labour dystocia in Sweden, U.K. and 
the U.S. 
 
Recommendations for the Safe Prevention of the Primary Caesarean Delivery 
American College of Obstetricians and Gynecologist (ACOG) and Society for Maternal, Fetal 
Medicine. Obstetric Care Consensus, 2014.42 
First stage of labor 
“A prolonged latent phase (e.g. greater than 20 hours in nulliparous 
women and greater than 14 hours in parous women) should not be an 
indicator for caesarean delivery”. 
1B. Strong recommendation, 
moderate-quality evidence 
“Slow but progressive labor in the first stage of labor should not be 
an indication for caesarean delivery”. 
1B. Strong recommendation, 
moderate-quality evidence 
“Cervical dilation of 6 cm should be considered the threshold for the 
active phase of most women in labor. Thus, before 6 cm of dilation is 
achieved, standards of active phase progress should not be applied”. 
1B. Strong recommendation, 
moderate-quality evidence 
“Caesarean delivery for active phase arrest in the first stage of labor 
should be reserved for women at or beyond 6 cm of dilation with 
ruptured membranes who fail to progress despite 4 hours of adequate 
uterine activity*, or at least 6 hours of oxytocin administration with 
inadequate uterine activity and no cervical change”. 
1B. Strong recommendation, 
moderate-quality evidence 
Second stage of labor 
“A specific absolute maximum length of time spent in the second 
stage of labor beyond which all women should undergo operative 
delivery has not been identified”. 
1C. Strong recommendation, 
low-quality evidence 
“Before diagnosing arrest of labor in the second stage, if the maternal 
and fetal conditions permit, allow for the following: 
At least 2 hours of pushing in parous women 
At least 3 hours of pushing in nulliparous women 
Longer durations may be appropriate on an individualized basis (e.g., 
with the use of epidural analgesia or with fetal malposition) as long 
as progress is being documented”. 
1B. Strong recommendation, 
moderate-quality evidence 
* More than 200 Montevideo Units 
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When diagnosing labour dystocia in the active phase, augmentation with oxytocin is usually 
recommended. According to the ACOGs recommendations from 2003, diagnosis of active phase 
arrest should only be made in the active phase and when there is no cervical change for a minimum of 
two hours with adequate uterine contractions (≥200 Montevideo units in a 10 minute period)(Table 
2.3).29 In studies of prolonged oxytocin augmentation in active phase from 2 hours to 4 hours, the 
vaginal delivery rates increased and seemed to be safe.29, 43, 44 In their study, Zhang and co-workers 
found a non-linear relationship, where the absence of dilation for 4 hours may be normal in early 
labour but being prolonged after dilation of 6 centimetres.19 This propose that there is not “one rule” 
for the whole active phase. The recommendations for safe prevention of primary caesarean, replacing 
previous ACOG guidelines for dystocia and augmentation of labour in 2003, are partly based on this 
study (Table 2.3).29, 42 Oxytocin is indicated when cervical dilation rate is less than 1 cm/h for 3 hours, 
according to the Swedish national recommendations for augmentation with oxytocin (Table 2.3). Re-
evaluation is recommended after at least 4 hours of optimal augmentation with oxytocin (i.e. 4-5 
contractions every 10 minutes)26 
Dystocia in second stage of labour 
The following definition of prolonged second stage of labour has been widely used: 
more than 2-3 hours for nulliparous and 1-2 hours for parous women; the upper limit is modified by 
the use of epidural analgesia.29 Interventions only based on time are disputed, since this could lead 
to non-medically indicated instrumental vaginal and caesarean deliveries (Table 2.3). Women with 
epidural analgesia, delayed compared to immediate pushing is associated with a longer duration of 
the second stage of labour. Delayed pushing, however, is associated with a shorter duration of 
pushing and an increase in spontaneous vaginal delivery, compared to immediate pushing.45, 46 
According to Swedish recommendations, augmentation with oxytocin is recommended if there is 
absence of progress during the descending phase for 1 hour or for 30 minutes in the expulsive phase 
(Table 2.3).26 
 
2.4.2 Prevention and treatment of labour dystocia 
The partogram 
A partogram, also known as partograph, is used to assess the progression of labour as well as to gather 
information about the maternal and fetal status during the parturition. Originally, the partogram was 
implemented to prevent prolonged and obstructed labour, to increase the safety for labouring women 
and their infants, especially in developing countries. Friedman introduced the first graphically 
presented tool for labour progress.10 This eventually became a partogram with two diagonal parallel 
straight lines.47 The alert line was evolved and represented the modified mean rate of cervical dilation 
of the slowest 10% of nulliparous women in the active phase.48 This corresponds to a cervical dilation 
of 1 cm per hour. The action line is usually placed two to four hours after the alert line to notice slow 
labour progress (Figure 2.3). The partogram is now a part of routine labour care in most parts of the 
world. 
In a study by the World Health Organization (WHO), the introduction of the partogram reduced 
prolonged labour and the proportion of labours requiring augmentation, rates of emergency caesarean 
section and stillbirths and was therefore recommended.49 In the partogram by WHO, less than 1 cm/h 
for a minimum of 4 hours demands action.  
The use, benefits and potential risks of unnecessary interventions of a partogram is likely to be 
influenced by health care providers, socioeconomic settings as well as cultural differences. The 
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benefits and harms of partogram use has been assessed in a Cochrane review in 2014. Use versus no 
use of a partogram was compared as well as different action line designs. Use compared to non-use of 
partogram did not demonstrate any differences in caesarean section rates, instrumental vaginal 
deliveries or infant Apgar score <7 at 5 minutes. 
Compared to women in the four-hour action line group, women in the two-hour action line group were 
more likely to receive oxytocin augmentation. When the three- and four-hour action line groups were 
compared, the caesarean section rates was lowest in the four-hour action line group. No explicit 
recommendation regarding the use of the partogram was made.50 
Other trials have concluded potential benefits of the partogram.51, 52 The partogram is a simple and 
objective tool, well implemented in obstetric practice. The discussion instead concerns how it should 
be designed to optimize the safety of the mother and the infant as well as not increase unnecessary 
interventions.  
Figure 2.3: A partogram with prolonged first stage of labour. The fetal head station and cervical 
dilation plotted against time. 
Amniotomy 
Amniotomy is an intentional artificial rupture of the amniotic membranes. It is one of the most 
commonly performed interventions during labour. The procedure can be used for induction of labour. 
In active labour, amniotomy can be performed either to prevent prolonged duration or therapeutically 
when slow progress is already established. A possible explanation for the effects of amniotomy is a 
release of endogenous prostaglandins and oxytocin, influencing the cervix and the uterus. This 
intervention has been recommended as a routine procedure during labour under the concept of active 
management of labour.53 
A meta-analysis of spontaneous labours, comparing routine amniotomy with keeping membranes 
intact for as long as possible, showed no significant difference in the duration of first stage between 
the groups. When restricted to nulliparous women, a non-significantly shorter duration of 58 minutes 
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(95% CI -153 to 37 minutes) was found in the amniotomy group.54 When analysing only the three 
largest studies that included nulliparous women, a significantly shorter duration was observed.55-57 
Additional outcomes, including caesarean section, 5-minute Apgar score <7, use of pain relief and the 
childbirth experience did not vary between the groups. In women with spontaneous labours with 
normal progress, there was a significant reduction of oxytocin augmentation in the amniotomy 
group.54 
The effect of amniotomy, compared to preserved membranes in spontaneous labours with slow 
progress during the active stage was assessed in a small study. In the amniotomy group, a non-
significantly decreased duration of labour by 57 minutes was found. Any differences in risks of 
caesarean section for fetal distress or prolonged labour was not demonstrated.58 Rouse and co-workers 
randomised women with prolonged first stage to oxytocin with intact membranes or oxytocin 
following amniotomy and found a non-significantly shorter duration of labour until birth (-44 minutes, 
p=0.11)59 
With a mild delay in progress, preventively early amniotomy together with oxytocin is associated with 
a shorter duration of labour (average mean difference -1.28 hours [95% CI -1.97 to -0.59]) and a 
reduction of caesarean section rates compared to expectant management.60 Early amniotomy increases 
severe variable fetal heart rate decelerations without any adverse effects on neonatal outcomes.61 
Oxytocin 
Endogenous oxytocin is a neuropeptide hormone and plays an important role in a wide range of 
human functions including the labour process, milk ejection during lactation, and the facilitation of 
social interaction. The hormone is mainly produced in the hypothalamus and pulsatile released into 
circulating blood via the pituitary gland. 
Intravenous oxytocin is commonly used during labour and can be applied in all stages. Oxytocin can 
be administrated for induction in the latent phase, for augmentation in the first and second stages and 
for prophylaxis or treatment of bleedings in the third stage of labour (i.e. after the birth of the infant 
until the delivery of the placenta). During the active phase of labour, the aim of using oxytocin is to 
produce sufficient uterine activity for cervical change and fetal descent while avoiding uterine hyper-
stimulation (more than 5 contractions in 10 minutes, contractions lasting 2 minutes or more, or 
contractions within one minute of each other with normal duration) and fetal compromise.29 
The half-life of oxytocin is 10-15 minutes. After an increase in the infusion rate, the steady-state dose 
is reached after about 40 minutes. To perform effective contractions, the required dose of oxytocin 
varies widely.62 Oxytocin is administrated during labour for 33-75% of nulliparous and 14-38% of 
parous women in Sweden according to studies before the national recommendations of augmentation 
with oxytocin were implemented.26, 63-65 
Augmentation with oxytocin and hyper-stimulation are associated with fetal distress.66, 67 Hyperactive 
labour, most commonly with oxytocin augmentation, and the misuse of oxytocin are strongly 
associated to academia at birth.68, 69 In a study of women seeking financial compensation because of 
suspected malpractice in relation to childbirth, the most common events of malpractice were 
neglecting to supervise fetal wellbeing including signs of asphyxia, and incautious use of oxytocin.70 
A literature review was made for the “Swedish National Recommendations for Oxytocin during active 
labour”. The following conclusions were drawn: 
 When cervix dilation is <1 cm/hour for two hours in the active phase, administration of 
oxytocin  significantly decrease the labour duration and a doubles the risk of hyper-
stimulation compared to administration of oxytocin after 3-8 hours.26  
       
16 
Active management of labour 
The concept of “active management of labour” was first advocated in Ireland by O’Driscoll and 
colleagues in the 1970ies.53 The purpose of this labour ward protocol for low-risk nulliparous women, 
was to reduce the length of labour and later on, additionally the caesarean section rates.71 Since then, 
the concept has been adopted in modified forms world-wide. A prolonged labour was defined as more 
than 12 hours, a maximum duration of 10 hours for the first stage and 2 hours for the second stage. 
The original concept included: 
 One-to-one support in labour (continual support by nurse/midwife during labour) 
 Routinely amniotomy early 
 Use of oxytocin, early if slow progress 
 Strict criteria for the diagnosis of labour 
 Strict criteria for identifying progress in labour (using the partogram) 
 Strict criteria for identifying slow progress and fetal compromise 
 Peer review of assited deliveries 
A meta-analysis of studies comparing “active management of labour” with routine care found a non-
significant reduction in caesarean section rates in the active management group (RR 0.88 95% CI 
0.77-1.01). After the exclusion of one study with a large proportion of post-randomisation exclusions, 
this effect was statistically significant (RR 0.77 [95% CI 0.63-0.94]). The risk of prolonged labour 
was decreased by 50% and the duration of first stage of labour was 1.5 hours shorter in the active 
management group. Second stage duration was not significantly influenced. Neonatal outcomes were 
not affected.72 In another meta-analysis, continuous support alone compared to routine care, 
significantly reduced the duration of labour and the risk of having a caesarean section.73 
2.4.3 Pathophysiology 
Historically, the causes of dystocia has been attributed and described as the four “P’s”: 
Power: Abnormal expulsive forces of the uterus. Uterine contractions may be hypothonic: the 
contractions are synchronous but the pressure during a contraction is insufficiently strong, or 
hypertonic: either the basal tonus is elevated or the contractions are inappropriately coordinated to 
efface and dilate the cervix. Voluntary maternal effort during the pushing phase can also be 
ineffective. 
Passenger: Abnormalities of the fetal presentation, position, or development. This includes 
macrosomia, malposition and congenital malformations. 
Passage: The pelvis. Soft tissue abnormalities of the reproductive tract. Abnormalities of the bony 
pelvis may create a contracted pelvis. 
Psyche: The psychological state of the mother. 
Cephalopelvic disporportion: the term was introduced before the 20th century to describe obstructed 
labour resulting from divergence between the measurements of the fetal head and the maternal pelvis. 
By then, the main indication for caesarean section was rackets. Nowadays, the bony pelvis rarely 
limits vaginal deliveries. Today, most cases of cephalopelvic disporportion, results from malposition 
such as asynclitism, macrosomic fetus or from ineffective uterine contractions. The descent of the 
fetus occurs mainly after the cervix is fully dilated. Thus, disporportion is usually diagnosed in the 
second stage. 
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2.4.4 Incidence proportion 
The cumulative incidence (incidence proportion) of dystocia during delivery is inherently difficult to 
assess due to different definitions, study populations and clinical practices related to the condition. 
According to recent studies, about 21-37% of nulliparous, and 2-10% of parous women are affected 
by dystocia.63, 74-77 
In a population of low-risk women, 20% experienced a prolonged active phase of the first stage based 
on Friedman’s criteria.14 According to a Danish study of nulliparous women, the cumulative incidence 
of dystocia was 37%, and 61% of the cases were diagnosed in the second stage of labour.75 Other 
recent studies have demonstrated an incidence of prolonged second stage of labour in 7-15% in 
nulliparous and 3-6% in parous women reaching second stage.78-81  In nulliparous women stratified by 
use of epidural, 16.2% with and 31.1% without epidural were affected. The corresponding numbers 
for parous women were 7.7% and 18.9%, respectively.82  
Studies on contemporary populations report longer durations of first and second stages for 
nulliparous women than earlier reports.14, 16, 19, 78, 82, 83 This could be due to several factors. 
Delivering women of today are older and have higher BMI. Obstetric practice has changed 
considerably over the last half a century. Use of oxytocin and epidural analgesia has become far 
more common. Contemporary practice implies lower rates of breech vaginal deliveries, instrumental 
vaginal deliveries, especially mid forceps, and higher rates of caesarean sections. In addition, fetal 
heart rate monitoring is part of the common practice nowadays.16 
 
2.4.5 Risk factors 
Most of the studies referred to in this thesis are derived from populations of term and postterm 
pregnancies (some from gestational weeks 35 and 36). 
Parity 
It is well known that labour dystocia is more common among nulliparous than among parous 
women.74, 77, 84, 85 Accordingly, parous women without previous vaginal delivery, have an increased 
risk of dystocia than other parous women.74, 86 Failure to progress in first stage leading to caesarean as 
well as prolonged second stage, primarily affects nulliparous women.87, 88 Nulliparity is also 
associated with an increased risk of interventions due to arrest during the pushing phase of second 
stage.89 The proportion of secondary arrest, compared to primary dysfunctional labour, is greater 
among parous than among nulliparous women with labour dystocia.90 
Maternal age 
Advancing maternal age is associated with labour dystocia.87, 91, 92 One study found that older 
nulliparous women had longer durations and higher rates of dystocia in both first and second stages, 
compared to younger women. For parous women, there were no relation between first stage and 
maternal age after adjustments. Yet, an increased risk of prolonged second stage was seen among 
older parous women.84 Some studies have not found any association between maternal age and labour 
duration.27, 93 In a recent study, however, duration of first stage of labour decreased with advancing 
maternal age in both nulliparous and parous women. The second stage of labour increased with age in 
nulliparous women with and without epidural. For parous women, age did not influence the duration 
of second stage.94 
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Maternal Body Mass Index 
In a study by Kominiarek and co-workers, women with high Body Mass Index (BMI) displayed a 
longer first stage, especially among nulliparous women. For parous women, the entry to the active 
phase of 6 cm was found to be delayed among obese women.95 These results are supported by other 
studies of nulliparous and mixed parities, demonstrating slower labour progression in first stage in 
overweight and obese women.96-98 Nevertheless, obese and normal-weight women are equally able to 
reach ≥200 Montevideo units.97 Caesarean delivery rates due to prolonged first stage of labour in 
addition to dystocia overall, increases with BMI.99-101 
The duration of second stage does not seem to vary for different BMI categories in nulliparous 
women.95, 102 In one study, the duration of second stage for parous women even decreased as BMI 
increased.95 
Additional maternal factors 
Ethnicity seems to influence the duration of the second stage and the risk of dystocia in second stage 
in contrast to the duration of first stage.103 When adjusted for potential confounders, fertility treatment, 
hypertensive disorders, gestational diabetes, polyhydramnios and premature rupture of membranes 
(PROM) were all associated with failure to progress in first stage of labour leading to caesarean 
delivery, in one study.87 In addition, polyhydramnios, hypertensive disease, gestational diabetes and 
PROM have also been associated with prolonged second stage.88 Inter-pregnancy interval and short 
maternal stature are associated with labour dystocia in a dose-response fashion.85, 92 Maternal fear of 
childbirth has also been associated with increased duration of labour.104 
Delivery characteristics 
Clinical characteristics present at admission to the delivery ward, such as being in latent phase (<4 
cm), having a tense cervix, a high fetal head station, and poor fetal-to-head cervix contact are 
associated with dystocia.105 Occiput posterior position and high fetal head station at complete dilation 
of the cerivix are related to prolonged second stage of labour.27, 106-108 A prolonged latent phase 
increases the risk of labour dystocia, including prolonged first and second stages.109, 110 Increasing 
gestational length and post-term pregnancy are associated with labour dystocia in both first and 
second stages of labour.74, 78, 111 Studies regarding induction of labour and the association with labour 
dystocia demonstrate different results. Induction of labour has been described associated with labour 
dystocia.87, 88 However, in women with vaginal deliveries, active phase arrest was less common in 
induced labours in one study.86 Electively induced labour with cervical ripening has been associated 
with slower early active phase and increased risk of caesarean during first stage. Elective induction 
without cervical ripening, was however associated with a shorter duration of first stage of labour and 
no increased risk of caesarean delivery compared to spontaneous delivery.112 The duration of second 
stage did not differ according to induction status in one study.113 When comparing induced labours 
with deliveries at a greater gestational age, women induced at 39 weeks had a lower risk of labour 
dystocia.114 
Fetal characteristics 
Mothers of macrosomic infants (birth weight >4000 g or >4500 g) have increased rates of prolonged 
labour115 and risk of labour dystocia.74, 75, 116 Compared to normal weight infants, birth weight of  
>4000 g is associated with duration of  first stage of labour greater than the 95th percentile.111 
Moreover, the risk of failure to progress in the first stage leading to a caesarean section, is increased.87 
Rates and risks of a prolonged second stage of labour are significantly associated with birthweight 
>4000 g.81, 88 
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First and second stages of labour 
The length of the second stage is associated with the duration of first stage, regardless of potential 
confounders. In one study, 16% of women with a first stage duration greater than that of the 95th 
percentile had a second stage exceeding 95th percentile, compared to 4% in deliveries with a first stage 
of less than 95th percentile.117 These results are supported by another study with a corresponding 2.5-
fold increased risk.118  
Women with prolonged first stage of labour had more commonly high-risk pregnancies in a study 
comparing risk of failure to progress in the first versus the second stage of labour. Compared to 
women with prolonged second stage of labour, women with prolonged first stage were older, parous, 
had postterm pregnancies and macrosomic infants. They were also more likely to have a history of 
perinatal death, habitual abortion, and infertility treatment than women with a prolonged second stage. 
Inductions and complications such as hypertensive disease, diabetes, PROM, meconium-stained 
amniotic fluid, poly- and oligohydramnios and non-reassuring monitoring were also more common 
among women with prolonged first stage compared to women with prolonged second stage of 
labour.119  
Delayed pushing, compared to immediate pushing, has been associated with an increased overall 
duration of second stage. With delayed pushing, however, the total duration of pushing decrease and 
spontaneous vaginal delivery rates increase.45  
 
2.4.6 Epidural analgesia 
Epidural analgesia is a central nervous blockade where local anaesthetics are injected into the distal 
part of the spinal epidural space. When crossing the epidural space, the anaesthesia inhibits painful 
nerve impulses. The local anesthetics have a dose-response effect on the sensory and motor functions. 
A lower dose selectively blocks painful stimuli partially, while higher doses also affect motor 
functions. Blocking of the sympathetic nerves results in vasodilatation and hypotension. Previously, 
higher concentrations of anesthesia were used with a dense motor block that led to a reduced mobility, 
decreased pelvic tone and influence on the second stage of labour. Nowadays, a lower concentration 
of local anesthesia combined with different opiates is used, which has no influence on motoric 
functions.120 
In a Cochrane review from 2011, including 38 randomized controlled trials, epidural analgesia was 
compared to opiates in all studies but five, with regard to obstetric outcomes. Women treated with 
epidurals experienced better pain relief, a reduction in need for additional pain relief and a reduced 
risk of naloxone administration. The mothers in the epidural group had a significantly increased risk 
of fever and urinary retention. The use of epidural analgesia did not significantly affect the duration of 
first stage but was associated with a prolonged duration of second stage of labour. The mean 
difference was 13.7 minutes (95% CI 6.7-20.7) and there were also increased risks of instrumental 
vaginal delivery (1.42 [95% CI 1.28-1.57]) and oxytocin administration. The overall risk of caesarean 
section or caesarean due to dystocia did not increase significantly in the epidural group. Although, 
there was an increased risk for caesarean section for fetal distress (RR 1.43 [95% CI 1.03-1.97]). 
Epidural analgesia was not found to be associated with adverse neonatal outcomes, and the risk of 
acidosis was even significantly reduced. A substantial heterogeneity for the length of first and second 
stages of labour and for oxytocin augmentation in the studies, was reported in the review.121  
In other studies and reviews, including both randomized controlled trials (RCT) and observational 
studies, the association between epidural analgesia and a prolonged second stage is similar to the 
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Cochrane analysis. The influence of epidural analgesia on the duration of first stage of labour, 
however, remains unclear. It seems as though RCTs tend to underestimate the true differences while 
observational studies overestimate the differences in labour duration.122-124 
There is no evidence of an increased risk of caesarean section or instrumental vaginal birth with early 
verses late initiation of epidural. The duration of second stage of labour is not affected by the timing 
of epidural analgesia. There is no consensus about the effects on the first stage of labour. Adverse 
neonatal outcomes, such as low Apgar scores and acidosis, did not differ with the time of epidural.125, 
126 In the study by Consortium on Safe Labour, the median duration of second stage for nulliparous 
women without epidural analgesia was 36 minutes (95th percentile: 2 hours and 48 minutes). The 
corresponding median duration for nulliparous women with epidural was about 1 hour (95th percentile: 
3 hours and 36 minutes).19 
 
2.4.7 Mode of delivery 
Dystocia is the most common indication for a primary caesarean section. Since many repeat 
caesareans are the result of previous caesarean for dystocia, prolonged labour leads to a great number 
of caesareans.127 29, 128 The increase in emergency caesarean section rates in Sweden during the past 
few decades, is partly due to dystocia.129  
In women who experience active phase arrest in the first stage, 67% were delivered by caesarean 
section using the 2-hour augmentation rule.86 In another study with oxytocin augmentation for two 
hours after the diagnosis of active phase arrest, the vaginal delivery rates were 74% and 91% for 
nulliparous and parous women, respectively. After 4 hours of augmentation with oxytocin, the 
corresponding rates were 56% and 88%, respectively.43, 44 The caesarean section rates during first 
stage of labour are largely dependent on the definition of and clinical guidelines for dystocia in first 
stage. 
As the duration of the second stage of labour and pushing increases, the proportion of spontaneous 
vaginal deliveries progressively decreases.79, 130, 131 In nulliparous women reaching the second stage, 
spontaneous vaginal delivery rates were about 60% with a second stage of 2-3 hours, and 25% with a 
second stage of 3-<5 hours. The corresponding rate for a duration of 5 hours or longer was 9%.80 
According to another study of nulliparous women with prolonged second stage, 80% of those women 
with epidural and 87% of those without delivered vaginally. Corresponding rates for parous women 
were 89% and 96%, respectively.79 In a study of parous women, about 60% had a spontaneous vaginal 
delivery after a second stage of 2-3 hours.132 
With active pushing in nulliparous women with labour analgesia, the chances of spontaneous vaginal 
delivery of an infant without signs of asphyxia were about 20% after 2 hours and after 3 hours or more 
about 10%.131 Corresponding rates for spontaneous vaginal delivery in another study were 40% after 
3-4 hours of active pushing.130 
 
2.4.8 Maternal consequences 
A prolonged first stage of labour is associated with maternal fever, chorioamnionitis and endometritis, 
also when restricted to vaginal deliveries.43, 44, 86, 111, 118 With active phase arrest, compared to vaginal 
deliveries, caesarean deliveries are strongly associated with increased risk of chorioamnionitis, 
endometritis and postpartum haemorrhage.86 In one study of vaginal deliveries with prolonged first 
stage of labour, rates of 3rd and 4th-degree perineal lacerations, postpartum haemorrhage and 
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endometritis increased, but were no longer statistically significant after adjustments.86 These results 
are supported by other studies.111  
A prolonged second stage of labour is associated with adverse maternal outcomes such as postpartum 
haemorrhage, fever and infection, including chorioamnionitis, urinary retention, third-and fourth 
degree lacerations, instrumental vaginal deliveries and episiotomy in both nulliparous and parous 
women.75, 78-80, 131-136 Since a prolonged second stage is associated with instrumental deliveries, and 
associated maternal complications, the causality between the actual prolonged second stage and 
maternal morbidity is still unclear.31, 137-139 In a study of nulliparous women by Allen and co-workers, 
the risk of composite maternal morbidity increased with duration of second stage, in spontaneous and 
instrumental vaginal deliveries. The risks were, however, considerably higher among instrumental 
deliveries compared to spontaneous vaginal deliveries.78 
In the study by Allen and co-workers, there was no association in spontaneous vaginal deliveries 
between duration of second stage and chorioamnionitis. In caesarean deliveries, however, an increased 
risk of chorioamnionitis was found for all durations compared to duration of 2 hour or less in vaginal 
deliveries.78 Longer labour may lead to an increased risk of choriomnionitis, but on the other hand, 
having chorioamnionitis may increase the risk of dysfunctional contractions and lead to a prolonged 
labour.111 
Additional but rare complications that are associated with prolonged labour are uterine rupture, 
especially among parous women with previous caesarean section.140 In low income countries, fistulas 
can be seen as a secondary effect of pressure necrosis after a very prolonged second stage.141 
Lumbosacral spine and lower extremity nerve injury, usually involving the common fibular nerve, is 
more common in women with prolonged second stage of labour.142 A prolonged labour is also 
associated with worse labour pain than expected and a negative labour experience compared to a 
normal labour duration.143, 144 
 
2.4.9 Neonatal consequences 
 
First stage of labour 
Compared to a first stage shorter than the 95th percentile, a duration exceeding the 95th percentile was 
in one study associated with an almost double increased adjusted risk of a composite neonatal 
outcome (shoulder dystocia, admission to level 2-3 nursery, 5-minute Apgar score <3, arterial cord pH 
<7.0, cord base excess -12 or less). Shoulder dystocia, admission to NICU and 5-minute Apgar score 
<3 (with 97th percentile cut off) were also increased in unadjusted analyses.118 In another study, the 
adjusted risk of admission to NICU was increased when the duration exceeded the 95th percentile.111 
Other reports of adverse neonatal outcomes and labour dystocia in the first stage are based on 
Friedman’s definitions. In a study stratified by vaginal or caesarean deliveries, prolonged first stage 
was associated with a significantly increased risk of shoulder dystocia in vaginal deliveries. 
Irrespective of mode of delivery, association with other neonatal complications was not found.86 This 
was supported by another study44, while the rate of first stage of labour was not associated with 
shoulder dystocia in a case-control study.145 Increased incidence of 1-minute, but not 5-minute Apgar 
score of <8 in nulliparous women and 1-minute and 5-minute Apgar score <7 in mixed parities have 
been reported.75, 87 In studies of prolonged oxytocin augmentation (more than 2 hours) for active phase 
arrest, no adverse neonatal outcomes were found compared to standard practice, although these 
findings were based on few observations.43, 90 
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Second stage of labour 
Associations between prolonged duration of second stage and adverse neonatal outcomes have been 
investigated in numerous papers, but results remains unclear. In the setting of available fetal 
monitoring, a number of studies have not found any association between prolonged second stage and 
adverse neonatal outcomes in nulliparous and mixed parities.133-135, 146, 147 
Other studies demonstrate an association between prolonged second stage and adverse neonatal 
outcomes among nulliparous women. Increased risk of neonatal complications including admission to 
NICU, birth asphyxia, birth trauma, low 5-minute Apgar score, sepsis, seizures and perinatal mortality 
have been demonstrated.78, 79, 81 Rouse and co-workers, found an increased need for admission to 
NICU, but not for other adverse outcomes.80 Risk of birth trauma was found in the study by Cheng 
and co-workers, but no other neonatal outcomes were reported.82  
In parous women, low 5-minute Apgar score, birth depression, minor trauma, NICU admission and 
overall perinatal morbidity have been reported increased to follow second stage durations of 1 hour or 
longer.78 These results are supported by another study where a duration of second stage of 3 hours or 
more was associated with most of these adverse outcomes.132 In a study stratified by epidural 
analgesia, parous women with epidurals had an increased risk of low 5-minue Apgar score with 
prolonged second stage. In the non-epidural group, risks of shoulder dystocia and perinatal mortality 
increased.79 In parous women, composite adverse outcome has been reported to increase after only 
one hour of active pushing.130 
Composite adverse neonatal outcomes and neonatal acidosis are associated with longer duration of 
pushing in two studies.130, 148 While no such relation was found in another study.131 According to a 
Cochrane review, there are no differences between immediate and delayed pushing with respect to 
most neonatal adverse outcomes.45 One study found, however, an association between delayed 
pushing and low umbilical arterial pH (<7.10).46 
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3 HYPOTHESIS AND OBJECTIVES 
 
Hypothesis 
Maternal characteristics, and interventions during pregnancy and delivery, influence the risk of 
labour dystocia, including a prolonged second stage of labour. This consequently influences the risk 
of adverse neonatal outcomes. 
 
Objective 
The overall objective of the thesis was to increase knowledge about factors influencing labour 
dystocia and consequences of labour dystocia on mother and infant. 
 
Specific objectives 
 To explore the risk of recurrence of labour dystocia according to maternal characteristics 
and previous delivery outcomes (I). 
 
 To analyse the possible influence of low-molecular-weight heparin during pregnancy on the 
risk of labour dystocia (II). 
 
 To assess the association between duration of second stage of labour and risk of a low 
infant Apgar score (III). 
 
 To analyse the association between increasing durations of the second stage of labour and 
pushing and risk of adverse neonatal outcomes (IV). 
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4 MATERIAL AND METHODS 
4.1 SETTING 
The studies in this thesis were all conducted in Sweden where there are unique possibilities to perform 
epidemiological research.149, 150 This is partly due to the structure of the health care system, the 
national registration numbers and the nationwide registers. As mentioned previously in the 
background, all pregnant women are offered free health care in Sweden, and the level of insurance 
does not influence the care provided. As a result of almost complete coverage of the national registers, 
study populations can be selected in an essentially non-biased manner.  
The Swedish Personal Identity Number 
A unique national registration number is assigned to all inhabitants in Sweden at birth or on 
immigration. It was introduced in 1947, initially with a nine-digit number, and in 1967 it became a 
ten-digit number. It includes six digits giving year, month and date of birth and four digits which make 
it unique for all individuals. Due to this registration number which is used in Swedish health care 
registers and in medical records, it is possible to establish links between different data sources.151 
 
4.2 DATA SOURCES 
4.2.1 The Swedish Medical Birth Register 
 
The primary source of information for studies I and II is the Swedish Medical Birth Register (MBR). 
The register is population-based and is held by the National Board of Health and Welfare. More than 
98% of all births in Sweden from 1973 and onwards are included.152, 153 Women and their infants are 
linked in the register. Prospectively collected information during pregnancy, delivery and the neonatal 
period are continuously entered through structured forms filled out by midwives and physicians. 
Demographic data, reproductive history, smoking, assisted reproduction, maternal comorbidity and 
drug treatments are recorded at the first antenatal visit, usually in the first trimester. Throughout 
pregnancy information is continuously added. Delivery characteristics such as time of birth, maternal 
age, parity, onset and mode of delivery, labour analgesia, fetal presentation, medical diagnoses and 
diagnoses of procedures are recorded during delivery or at discharge from the delivery hospital. 
Diagnoses are classified according to the Swedish version of the International Classification of 
Diseases (ICD), revisions 8-10. Information regarding the infant as a single or multiple birth, stillborn 
or born alive, gestational age, birth weight, length and head circumference, sex, Apgar score, 
malformations and other diagnoses (classified according to ICD) during the neonatal period are 
recorded. 
 
The MBR has been evaluated three times and the first two were summarised in a study from 1990. 
152 The results of the third evaluation were reviewed in a summary by the Centre for Epidemiology 
at the National Board of Health and Welfare in 2003.153 They concluded that there are errors in the 
data recorded and that some data is missing, as with all large registers. However, only 1.4% of all 
infants born in Sweden were not recorded during the time-period examined (1973-1998). Regarding 
specific variables, there were differences in data loss, but for most variables, information was 
lacking for only a few percent. The most substantial information loss was observed for infant 
diagnoses, particularly for infants who were admitted to neonatal wards. For variables such as 
gestational duration, systems based on hierarchy were used to find the most accurate information 
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derived from the medical records.153 The national mean of data loss on variables from the antenatal 
care records in 2014 was about 3%.8   
 
4.2.2 The Swedish Register of Education 
The Swedish Register of Education was used in studies I and II. The register is kept by Statistics 
Sweden and was established in 1985. It contains information about the highest level of education from 
elementary to post-graduate level, of all citizens registered as resident in Sweden from the age of 16 to 
at least 74. The register is updated annually.154 
 
4.2.3 The Swedish Patient Register 
The Swedish Patient Register, kept by the National Board of Health and Welfare, was used in study II. 
It includes information about dates of hospital admissions, discharges, and main and secondary 
diagnoses classified according to the international classification of diseases (ICD codes, 7-10th 
revisions) as well as surgical treatments. The register was established in 1964 and became nationwide 
in 1987. Since 2001, the register has also included information about out-patient hospital visits from 
both public and private caregivers. Primary care is not covered.155 
 
4.2.4 The Swedish Prescribed Drug Register 
In study II the Swedish Prescribed Drug Register, which is also kept by the National Board of Health 
and Welfare, was used. Since July 1st 2005, the personal registration number has been included. The 
register includes information about all dispensed drugs for the outpatient population prescribed from 
primary or specialist care. Information includes the prescribed substances, brand name and package, 
ATC-code (all drugs are classified according to the World Health Organization Anatomical 
Therapeutic Chemical Classification) and date of dispensing. 156 
 
4.2.5 The Stockholm-Gotland Obstetric Cohort 
Since 2008, all pregnant women in the Counties of Stockholm (SLL) and Gotland who attend 
maternal care units, are recorded in the electronic medical record system Obstetrix (Cerner Inc). The 
journal system contains detailed prospectively registered information for each pregnancy from the first 
visit until the mother and infant are discharged from the delivery hospital. The data includes 
complications, laboratory tests, and examinations such as ultrasound during pregnancy as well as 
detailed data on the delivery process including longitudinal information from the partogram, like time-
specific cervix dilation examinations. In addition, detailed information on operative interventions, 
umbilical cord blood tests, information from the postpartum period and examination of the new-born 
infant is included in the journal system. About one fourth of all deliveries in Sweden take place in the 
Counties of Stockholm and Gotland, which implies an annual number of 25 000 to 30 000 deliveries. 
Professor Sven Cnattingius received a 3-year grant to establish a database at the Unit of Clinical 
Epidemiology, KI, for medical registers concerning pregnancy. This was funded by the Swedish 
Research Council Program for establishing large data bases for health care research. Trough 
cooperation with the IT department at Stockholm County Council (SLL-IT), we have established the 
Stockholm-Gotland Obstetric Cohort database which includes most of the variables in the record 
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system. (Figure 4.1) This provides unique, detailed material of clinically relevant variables during 
pregnancy, delivery and after birth. The database enables studies of more specific (especially 
clinically oriented) outcomes with control for more potential confounders compared with the MBR.  
Since 2013, the database is in use and includes information on pregnancies from January 1st, 2008 
until October 31st, 2014. Information is electronically transferred directly from the electronic medical 
record system to the database. Thus, it is difficult to perform a validation of the register. To date, three 
additional studies based on the Stockholm-Gotland Obstetric Database have been published.136, 157, 158 
 
Figure 4.1:  Photograph of the variables in the electronic medical record system Obstetrix, from 
where the variables in the Stockholm-Gotland Obstetric Cohort Database are derived from, during the 
working process at SLL-IT in 2011. 
 
4.2.6 The Swedish Neonatal Quality Register 
We used the Swedish Neonatal Quality Register (SNQ) in study IV. This register contains data on 
infants admitted for any level of neonatal care within the first 28 days after birth. The SNQ includes 
information about the mother, pregnancy complications and delivery characteristics as well as detailed 
information about admission, diagnoses and interventions during neonatal care. The register was 
started in 2001, and cover all neonatal units in Stockholm since 2002, and in Gotland since 2007. The 
register is now nationwide and covers all neonatal units in Sweden since 2012.9 
4.2.7 Term infants 
One third of all neonatal deaths and the majority of all registered serious complications, including 
asphyxia, affect term infants (between 37 and 41 complete weeks). In a report from SNQ in 2014, 
term infants represent the majority of infants admitted to neonatal wards.9 Even if the absolute risk for 
adverse neonatal outcome is small among infants delivered at term, they constitute a large proportion 
of the neonatal morbidity and mortality because of their large number. It is likely that complications 
could have been avoided for a large proportion of these infants. 
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Table 4.1: Overview of study characteristics 
 Study I Study II Study III Study IV 
Design Cohort Cohort Cohort Cohort 
Years 1992-2006 April 2006-2011 2008-2012 2008-2013 
Setting/ 
Data sources 
Swedish Medical 
Birth Register 
Register of 
Education 
 
Swedish Medical 
Birth Register 
Prescribed drug 
Register 
Patient Register 
Register of 
Education 
Stockholm-
Gotland Obstetric 
Cohort 
Stockholm-
Gotland Obstetric 
Cohort 
Neonatal Quality 
Register 
Gestational 
length 
Term or post-term 
 (≥ 37 weeks) 
Term or post-term 
(≥ 37 weeks) 
Term or post-term 
(≥ 37 weeks) 
Term or post-term 
(≥ 37 weeks) 
Subjects 239 953 514 875 32 796 42 539 
Exposure 
variables 
Labour dystocia and 
mode of delivery in 
first labour 
Use of low-
molecular-weight 
heparins during 
pregnancy 
Duration of 
second stage of 
labour 
Duration of 
second stage of 
labour and 
pushing 
Outcome 
measures 
Labour dystocia and 
mode of delivery in 
second labour 
Labour dystocia Apgar score at 5 
min <7 and <4 
Umbilical cord 
acidosis, birth 
asphyxia-related 
complications, 
admission to 
NICU 
Covariates Maternal age (2nd 
labour)  
Height 
BMI (2nd)  
Smoking (2nd)  
Education 
Family situat. (2nd) 
Country of birth 
 
Inter-pregnancy 
interval 
Birth-weight (1st) 
Gestational age (2nd) 
Epidural analgesia 
Maternal age 
Height 
BMI 
Smoking 
Education 
Assisted 
reproduction 
Diabetes 
Hypertensive 
disease 
 
Gestational age 
Onset of delivery 
Birth weight 
Epidural analgesia 
Maternal age 
Height 
BMI 
Smoking 
Infant gender 
Gestational age 
Sex-specific birth-
weight for gest 
age 
Head 
circumference 
Epidural analgesia 
Mode of delivery 
Maternal age 
Height 
BMI 
Smoking 
Diabetes 
Hypertensive 
disease 
Onset of delivery 
Use of oxytocin 
Gestational age 
 
Epidural analgesia 
Mode of delivery 
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4.3 STUDY POPULATIONS AND STUDY DESIGNS 
4.3.1 Study I and study II 
Study populations 
Studies I and II are population-based cohort studies based on the MBR. We included women giving 
birth to singleton, live-born infants in cephalic presentation at term or post-term. In study I, we used 
information about women giving birth to their first and second infant between 1992 and 2006. The 
women with induction of labour in their first or second delivery or caesarean delivery before onset of 
first or second labour, and women without information on these variables were excluded. The final 
study population consisted of 371,086 women with two consecutive deliveries. In study II nulliparous 
and parous women were included. The study period began April 1st 2006 as the drug register started 
July 1st 2005, enabling the mothers to be exposed to low-molecular-weight heparins (LMWH) 
throughout the entire pregnancy. We had access to the MBR until December 31st 2011, when the study 
period therefore ended. Elective caesarean deliveries were excluded and the final study population 
consisted of 514 875 deliveries with 408 013 unique mothers. 
Exposures 
Through the personal identity number it was possible to link information on successive births recorded 
in the MBR in study I. The exposure was labour dystocia along with mode of delivery in first labour 
including mode of delivery (vaginal non-instrumental delivery, vaginal instrumental delivery and 
caesarean section) with or without dystocia. Dystocia was defined as any of the following diagnoses 
of dystocia, classified according to the Swedish versions of the International Classification of 
Diseases, ninth (ICD-9; 1987-96) and tenth (ICD-10; used since 1997 and onwards) revisions (Table 
4.2). The definitions of the diagnoses are specified in the background chapter (Table 2.3). In further 
analyses, a risk score based on the adjusted odds ratios for dystocia in second labour was created.  
 
Table 4.2: Diagnoses of labour dystocia according to the Swedish version of ICD-9 and -10 
   
 ICD-9 ICD-10 
   
Primary dystocia 661A O62.0 
Secondary dystocia 661B O62.1 
Prolonged first stage of labour 662A O63.0 
Prolonged second stage of labour 662C O63.1 
Unspecified dystocia 662B 
661C 
O62.2* 
O62.9 
O63.9 
 
*The diagnosis O62.2 includes both unspecified dystocia and a prolonged latent phase according to the 
Swedish version of ICD-10. 
Use of LMWH during pregnancy was the exposure in study II. We linked MBR to the Prescribed 
Drug Register to find information on dispensed LMWHs (dalteparin [Fragmin®], enoxaparin 
[Klexane®], tinzaparin [Innohep®] and warfarin [Waran®]). Use of any of the LMWH drugs was 
based on date of dispense, categorized into before pregnancy (30-1 days before last menstrual period), 
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and during pregnancy: first trimester, second trimester or third trimester. Information about use of 
warfarin during the period before pregnancy was also collected because this is an indication for 
LMWH replacement during pregnancy. 
The main exposure was use of LMWH during the third trimester. Use during first and/or second 
trimester was analysed as a secondary exposure since we could not a priori exclude that such use may 
have an effect on labour duration. Underlying diagnoses associated with LMWH treatment were 
retrieved from the Patient Register based on ICD-9 and ICD-10 codes from 1987 and onwards, and 
were divided into ten groups (Figure 4.2). We used information about the dates of the diagnoses to 
group them into before or during pregnancy. In a secondary analysis, LMWH use was divided into a 
presumed high dose and a presumed prophylactic dose. The presumed high dose was based on 
underlying diagnoses with indications for treatment dose and high dose prophylaxis. The presumed 
prophylactic group comprised remaining women who received LMWH treatment during the third 
trimester. 
 
 
Figure 4.2: Registers included in Study II. 
Outcomes 
One of the outcomes observed in study I was diagnosis of labour dystocia in second labour, based 
on ICD-9 and -10 diagnoses previously described in exposures (Table 4.2). Secondary outcome was 
mode of delivery in second labour, also stratified by risk score groups. In study II, the outcome was 
diagnosis of labour dystocia based on the same criteria’s as the exposure and outcome of study I 
(Table 4.2).  
  
The Swedish Medical Birth Register
Mothers with infants born April 2006 - December 2011.
Live-born, singeltons, cephalic presentation, term or post-term, induction or spontaneous onset of 
labor. N= 514 875.
The Swedish Prescribed Drug Register 
Use of LMWH during pregnacy from July 
2005 - December 2011. Use categorised by 
trimester.
The Swedish Patient Register
Information on in-patients dates of hospital 
admission and diagnoses associated with the 
use of LMWH during pregnancy from 1987-
2011 and for out-patients from 2001-2011.
ICD-9 and ICD-10 codes.
The Swedish Register of Education
Number of years of formal education until 
December 2012.
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Variables 
Maternal characteristics such as parity, age, height, BMI, assisted reproduction, family situation, and 
self-reported smoking and inter-pregnancy interval were obtained from the standardised delivery 
record. The country of birth of the mothers was retrieved from the Register of Total Population (linked 
at the National Board of Health and Welfare). Information on mother’s highest level of formal 
education was retrieved from the Swedish Education Register. Information on concurrent diseases, 
such as hypertensive and diabetic diseases, was obtained from the check-boxes in the delivery record 
or as ICD-10 diagnoses during delivery or at discharge from the delivery hospital. Variables such as 
infant sex, birth weight and head circumference were registered in the neonatal record. Information on 
gestational age, onset of delivery, fetal presentation, use of epidural analgesia, infant birth weight, and 
mode of delivery were obtained from standardised delivery records. 
 
4.3.2 Study III and study IV 
 
Study populations 
In studies III and IV, population-based cohort studies were performed using the Stockholm-Gotland 
Obstetric Cohort. The database contains information of births from January 1st, 2008 and we used 
information on births occurring until December 31st, 2012 in study III and until December 31st, 2013 
in study IV. Women delivering their first live-born singleton infant in cephalic presentation at 37 
completed weeks of gestation and onward, were included in the studies. Elective caesareans, 
emergency caesareans before fully dilated cervix, and deliveries without labour partogram or a 
notation of complete dilation of the cervix were excluded from both studies. Additional exclusions of 
deliveries with inductions and without data on Apgar score were made in study III, and the final study 
population included 32 796 births. In study IV, out of the 7 delivery units within the Stockholm-
Gotland region, one unit did not routinely take umbilical blood samples and deliveries from this unit 
were therefore excluded.  Hence, the study population in study IV comprised 42 539 births. 
Exposures 
The main exposure in studies III and IV was duration of second stage of labour, defined as time in 
minutes from the first notation of a fully dilated cervix until delivery. Information from the labour 
partogram was used to measure the duration of the second stage of labour and was categorised into 5 
groups: Less than 1 hour (reference); 1 to <2 hours; 2 to <3 hours; 3 to <4 hours; and 4 hours or more.  
Secondary exposure in study IV was duration of pushing, defined as time in minutes from notation of 
active pushing in the delivery record until delivery. The duration of pushing was categorised into 5 
groups: 0-14 (reference), 15 to 29, 30 to 44, 45 to 59, and ≥ 60 minutes. In addition, analyses of 
duration of passive phase of second stage, defined as time from notation of a fully dilated cervix until 
the start of active pushing, were combined with duration of pushing. The passive phase was 
categorised into 0 to <1 hour, 1-<2 hours, 2-<3 hours and 3 hours or more and pushing was 
categorised into <45 and 45 minutes or more. 
Outcomes 
The outcomes observed in studies III and IV were different neonatal complications. In study III, the 
outcome was defined as an Apgar score of <7, or <4 at 5 minutes. This information was retrieved 
from the delivery record. In order to include detailed information on neonatal complications in study 
IV, we linked the Stockholm-Gotland Obstetric Cohort to the Swedish Neonatal Quality Register. 
Here we used information about admitted infants born until December 31st 2013. Adverse neonatal 
outcomes were defined as: umbilical artery acidosis, birth asphyxia-related complications, and 
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admission to NICU. Umbilical artery acidosis was defined as a pH-value of less than 7.05 and a base 
excess (BE) of less than -12 mmol/L. This was retrieved from the delivery record. Birth asphyxia-
related complications included any of the following diagnoses or procedures: hypoxic ischemic 
encephalopathy (HIE), hypothermia treatment, neonatal seizures, meconium aspiration syndrome 
(MAS) and resuscitation in delivery room with heart compressions and/or intubation. Neonatal 
diagnoses were coded using the ICD-10 classification at discharge from the delivery hospital and/or 
the NICU. Some of the diagnoses and procedures were also marked in checkboxes in the NICU 
record.  
Variables 
Maternal and delivery characteristics were obtained in the same manner as in studies I and II. 
Additional delivery characteristics such as duration of second stage of labour, use of epidural 
analgesia, use and notation on start of oxytocin for labour augmentation were obtained from the 
partogram. Gestational age was hierarchically based on date of conception before embryo transfer, 
ultrasound examination in second trimester and the date of the last menstrual period. Information on 
infant sex, birth weight and head circumference were registered in the neonatal record. Birth weight 
for gestational age was calculated using the sex-specific Swedish reference curve for normal fetal 
growth.159 
 
4.3.3 Evaluation of the diagnoses for labour dystocia 
We wanted to validate the diagnoses of dystocia classified according to the Swedish version of WHOs 
ICD-10 codes. We used the Stockholm-Gotland Obstetric Cohort to retrieve the diagnoses of dystocia 
according to ICD-10: Primary dystocia (O62.0), secondary dystocia (O62.1), prolonged 1st stage 
(O63.0), prolonged 2nd stage (O63.1) and unspecified dystocia (O62.9, O63.9 and O66.9, not O62.2 
since it includes the latent phase).  
In the same cohort, we could identify prolonged duration of second stage in time according to the 
following definitions: nulliparous with epidural >3 hours and nulliparous without epidural >2 hours. 
Prolonged duration of first stage of labour was not possible to evaluate since the variables for active 
start of labour was not yet defined in the cohort and information on cervical dilation rate was not 
possible to retrieve. Therefore, it was only possible to validate the diagnosis of prolonged second stage 
of labour. In the Swedish Society for Obstetrics and Gynecology’s version of ICD-10 diagnoses for 
dystocia, the recommendation is to primarily use O62 diagnoses. Therefore, the O63 diagnoses could 
possibly be underreported.  
In the evaluation we used the same study population as in study IV. There were 42 539 women giving 
birth to their first-born, singleton infant in cephalic presentation at 37 gestational weeks or later. 
Women without fully dilated cervix were excluded (Tables 4.3). In this population, 29.6% had any 
diagnosis of dystocia. According to duration of time of second stage among nulliparous women, 
25.7% had a prolonged second stage. When using the ICD-10 diagnosis O63.1 for prolonged second 
stage, only 5.4% had received the diagnosis (18.6% of those with prolonged second stage according to 
time). Therefore, it was not possible to validate the diagnosis of prolonged second stage. What is 
worth mentioning is that among women receiving the ICD-10 diagnosis of prolonged second stage, 
89% had a prolonged second stage according to duration of time (Tables 4.3). 
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Tables 4.3: Diagnoses of labour dystocia in second stage of labour. 
  
Nulliparous,  gestational week ≥ 37, cephalic presentation, fully dilated cervix 
N total = 42 539 
Prolonged 2nd  stage according to duration of time: N % 
Nulliparous with epidural > 3 hours 7 397 17.4 
Nulliparous without epidural > 2 hours 3 529 8.3 
Total prolonged 2nd stage according to duration of time: 10 926 25.7 
Dystocia according to ICD-10 diagnoses of labour dystocia:   
Prolonged 2nd stage  (O63.1) 2 289 5.4 
Unspecified dystocia  (O62.9, O63.9 and O66.9) 235 0.6 
Prolonged 2nd stage (O63.1), secondary dystocia (O62.1), and 
unspecified dystocia (O62.9, O63.9 and O66.9) 
9 867 23.2 
Any diagnoses of dystocia: Primary dystocia (O62.0), Secondary 
dystocia (O62.1), Prolonged 1st stage (O63.0) 
 Prolonged 2nd stage (O63.1) and unspecified dystocia  (O62.9, 
O63.9 and O66.9) (not O62.2) 
12 607 29.6 
 Prolonged 2nd 
stage according to 
ICD-10 diagnosis 
(N=2 289) 
  Prolonged 2nd  
stage according to 
duration of time 
(N=10 926) 
Prolonged 2nd stage 
according to duration of 
time 
88.9%  Prolonged 2nd stage 
according to ICD-10 
diagnosis 
18.6% 
No prolonged 2nd  stage 
according to duration of 
time   
11.1%  No ICD-10 diagnosis 
of prolonged 2nd stage 
81.4% 
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4.4 STATISTICAL ANALYSES 
 
Logistic regression analysis: is used to study the statistical relationship between one or more 
independent (predictor) variables and a dependent (outcome) variable. The dependent variable must 
be discrete and should be binary (dichotomous) in nature. The independent variables can be 
dichotomous, categorical or continuous. There should be no high intercorrelations among the 
independent variables and no outliers in the data. To model a linear relationship, the outcome variable 
is transformed by the logit function. The results are presented as odds ratios (OR), with an estimated 
confidence interval (CI). With a rare outcome, the OR approximates the relative risk (RR). 
Polytomous regression analysis: also called multinomial logistic regression. This method is used to 
make logistic regression analysis when the outcome variable is categorical and has more than two 
groups. 
Poisson regression analysis: Is commonly used for survival analysis to estimate incidence rate ratios. 
Poisson regression can also be used when the outcome is binary to estimate prevalence ratios (relative 
risks) with a 95% CI. Compared to logistic regression, this method is preferred to use when possible 
although not with case-control studies, especially if the outcome is not rare, since the relative risk is 
usually the parameter of interest in epidemiological studies.160 
Generalized estimating equation (GEE): is used to account for correlation between dependent 
observations in a study population. With GEE, weighted combinations of observations is used to 
extract the adequate amount of information from correlated data.161 
Interaction analysis: is conducted to estimate the possible effect modification of an interaction 
variable. A significant interaction indicates that the effect of one independent (predictor) variable on 
the outcome variable varies at different values of the other independent variable. It is tested by adding 
a term to the regression model in which the two predictor variables are multiplied. 
All analyses were conducted using SAS software, version 9.2 - 9.4. 
 
4.4.1 Study I and study II 
In study I, logistic regression analysis was used to study the association between labour dystocia and 
mode of delivery in first labour, and labour dystocia in second labour. Polytomous regression analysis 
was used to analyse the outcome mode of delivery in second labour, with three categorical outcomes: 
vaginal spontaneous, vaginal instrumental and caesarean deliveries. Adjustments in the regression 
models were made for dystocia and mode of delivery in first labour, birthweight at first delivery, inter-
pregnancy interval and maternal characteristics at second pregnancy/delivery (maternal age, BMI, 
height, education, family situation, country of birth and cigarette smoking), gestational age and year of 
second delivery. 
To further study the risk of caesarean section or instrumental vaginal delivery in second labour, we 
applied a risk score system based on the adjusted OR for dystocia in second labour, where ORs in the 
range 1.25 to 1.49 gave 1 point and 1.50 to 1.74 gave 2 points. Inter-pregnancy interval, maternal age, 
BMI, height, not co-habiting with the infant’s father and post-term pregnancy were associated with 
increased risks of dystocia in second labour. The maximal sum of the score was 9 points and the 
population was stratified into three risk score groups of 0, 1-2 and 3 or more risk scores.  
In study II, logistic regression analysis to estimate unadjusted and adjusted OR for the risk of labour 
dystocia in relation to use of LMWH during pregnancy was used. All analyses were stratified by 
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parity, by treatment period of LMWH. Generalized estimate equations were used to account for the 
correlation between mothers with more than one child in the study population. 
Several adjusted models were used to account for possible confounders. All were adjusted for 
maternal characteristics (treatment with LMWH, age, height, BMI, smoking, diabetes, hypertensive 
disease, assisted reproduction and level of education), onset of labour and year of birth. In 
additional three models, further adjustments for gestational age, epidural analgesia and birth weight 
were made. A test for interaction was made in the logistic regression model to estimate the possible 
effect modification by the onset of labour or epidural analgesia on the association between use of 
LMWH and labour dystocia. A p-value of <0.05 was considered statistically significant. 
Additionally, stratification analyses for epidural analgesia and presumed high dose or prophylactic 
dose of LMWH were made. 
Gestational age may be considered a mediator between LMWH and dystocia since use of LMWH has 
been associated with preterm birth. This association could be attributed to iatrogenic factors rather 
than spontaneous preterm deliveries.162-166 Thus, we analysed the distribution of gestational length at 
birth among women with and without LMWH. Since this distribution was similar in the two groups in 
this population of term and post-term births, adjustments for gestational length at birth were made in 
the regression model. 
 
4.4.2 Study III and study IV 
In study III, logistic regression was used to calculate crude and adjusted odds ratios with 95% CI. A 
test for interaction was done in the logistic regression model to estimate the possible effect 
modification caused by epidural analgesia or mode of delivery, on the association between duration of 
the second stage of labour and Apgar score. Stratification by mode of vaginal delivery was thereafter 
made. 
In study IV, poisson regression analysis with 95% CI, was used to estimate adjusted relative risks. 
Poisson regression analysis was the preferred method since some of the outcomes were relatively 
common, and therefore a relative risk is a more accurate estimation of the associations than odds 
ratios.160 
Maternal characteristics, such as age, height, BMI and smoking were considered confounders in 
studies III and IV. Additionally, in study IV, adjustments were made for hypertensive disease and 
diabetes. Delivery characteristics such as onset of delivery, use of epidural analgesia, oxytocin for 
labour augmentation, and mode of delivery were handled in different ways in study III and study IV. 
In study III, we excluded mothers with induction of labour. In study IV, we adjusted for onset of 
labour (induction or spontaneous). In study III, there was no interaction between epidural and duration 
of second stage with respect to the 5-minute Apgar score, and epidural analgesia was considered to be 
a confounder and was therefore adjusted for in a secondary model. In study IV, stratified analyses for 
epidural were made. Oxytocin for augmentation was considered a mediator in study III, and was 
consequently not adjusted for. While in study IV, oxytocin before second stage of labour was 
considered to be a confounder (Figure 4.3). In the analysis of the duration of pushing (study IV), 
oxytocin before active pushing was also regarded as a confounder. 
Stratified analyses of mode of vaginal delivery were made in studies III and IV. Gestational age was 
adjusted for in both studies, while infant sex, sex-specific birth-weight for gestational age and head 
circumference were only considered in study III. 
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Figure 4.3: Directed acyclic graph (DAG) in study IV. The influence of maternal and delivery 
characteristics on the association between duration of second stage of labour and neonatal 
complications.  
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4.5 ETHICAL CONSIDERATIONS 
 
The Personal Data Act aims to prevent the violation of personal integrity in the processing of personal 
data. It specifies that treatment of sensitive individual information in research only can be conducted 
after ethical permission has been granted by an ethical board. After approval from one of the six 
regional ethical review boards in Sweden, national register data can be accessed for research. Ethical 
approval was obtained from regional ethical boards prior to the initiation of all the four studies. 
In studies I and II the cohorts were retrieved from the MBR held by the National Board of Health and 
Welfare. Inclusion of individual data in the MBR does not require consent from the patients. The data 
was anonymized for the researchers with unidentifiable sequence numbers. The key to the personal 
identity number is held at the National Board of Health and Welfare and is saved for three years, with 
the possibility to apply for prolongation. The key can be used by and among different authorities to 
link different registers. Links to the Prescribed Drug Register, Education Register and Patient Register 
were made in study II. All data was analysed at an aggregated level in the two studies. 
 
The Stockholm-Gotland Obstetric Cohort was used in studies III and IV. Information in the database 
was retrieved from the medical record system Obstetrix. The database is kept by the Unit of Clinical 
epidemiology. All data were anonymized and de-identified prior to analysis. In addition to ethical 
approval to use the information, we applied for informed consent from the health care givers, who 
were responsible for the data. In 2012, we obtained informed consent from all but one of the forty-
three head of departments for all maternal care units and delivery wards in the Stockholm and Gotland 
Counties. Information from this maternal care unit has thus been excluded from the cohort. There was 
no informed consent for the patients prior to their inclusion in the study. 
 
 
 
Ethical approval for studies I and II: The Regional Ethical Review board No. 4 in Stockholm, 
Sweden: 2008/1182-31/4, date of approval September 3rd 2008. 
 
 
Ethical approval for studies III and IV: The Regional Ethical Review board No. 5 in Stockholm, 
Sweden: 2009/275-31, date of approval April 2nd 2009 and 2012/365-32, date of approval March 
14th 2012. 
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5 RESULTS 
 
5.1 RECURRENCE OF LABOUR DYSTOCIA AND INSTRUMENTAL DELIVERY 
(STUDY I) 
5.1.1 Summary of main findings 
Recurrence of labour dystocia affected 12.3% of women with dystocia in their first labour. Overall, 
91% of women with previous dystocia had a non-instrumental vaginal delivery in subsequent 
pregnancy. The risk of recurrence of dystocia, and also of instrumental vaginal and caesarean 
deliveries in second labour was increased for women with previous dystocia, especially among 
women with previous caesarean delivery. In addition, fetal and maternal characteristics were also 
associated with dystocia in second labour. Thus, it is important to take first labour as well as fetal and 
maternal characteristics into account in the risk assessments for dystocia and instrumental delivery in 
second labour. 
 
5.1.2 Main findings 
The study population consisted of 239 953 women with spontaneous onset of first and second 
consecutive deliveries, of whom 21.5% were diagnosed with dystocia in their first labour and 5.3% in 
second labour. The risk of dystocia in second labour increased with increasing inter-pregnancy 
intervals, maternal age, BMI, decreasing maternal height, among mothers not cohabiting with the 
father-to-be, as well as in postterm pregnancies. Compared with a non-instrumental vaginal first 
delivery without dystocia, a previous vaginal delivery (non-instrumental or instrumental) with 
dystocia was associated with approximately a four-fold increased risk of dystocia in second labour. 
The corresponding absolute risks, however, were about 10%. 
The trial of labour after caesarean (TOLAC), only including women with spontaneous onset of first 
and second labour, was approximately 60%. For women with a previous caesarean, the incidence of 
dystocia in second labour was higher among those with previous dystocia than for women without 
previous dystocia (34 % vs. 21%, respectively).  
The risks of instrumental vaginal and caesarean deliveries in second labour were higher among 
women with previous dystocia than in women without previous dystocia. Compared to women with a 
previous instrumental vaginal delivery without dystocia, there was only a slightly increased risk of 
vaginal instrumental delivery and caesarean section in second labour for women with a previous 
instrumental vaginal delivery with dystocia. Among women with TOLAC without previous dystocia, 
15% had a vaginal instrumental delivery and 23% a caesarean section in second labour. Among 
women with TOLAC with previous dystocia, corresponding risks were 17% and 32%, respectively 
(Table 5.1). 
We used risk score groups to analyse rates of mode of delivery in second labour in more detail. Risk 
factors were based on the adjusted ORs for dystocia in second labour for inter-pregnancy interval, 
maternal characteristics, and gestational age in second labour. The rates of vaginal instrumental 
delivery and caesarean in second labour generally increased with previous dystocia and increasing risk 
score. Among women with TOLAC with previous dystocia and a risk score of 3 or more, 66% had a 
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vaginal instrumental or caesarean delivery (17% and 49% respectively). In women with TOLAC 
without previous dystocia and a risk score of 0, the corresponding risk was 32% (14.0% and 18% 
respectively). 
Table 5.1. Labour dystocia and mode of delivery in first labour and mode of delivery in second 
labour among women with spontaneous onset of first and second consecutive deliveries from 
1992 to 2006 in Sweden.  
* aOR= adjusted Odds Ratios. Data were adjusted for dystocia and mode of delivery in first labour, birth weight 
in first labour, inter-pregnancy interval, maternal age, early pregnancy BMI, maternal height, education, family 
situation, country of birth, cigarette smoking, infant’s gestational age in second labour and year of second birth. 
 
5.2 USE OF LOW-MOLECULAR-WEIGHT HEPARIN DURING PREGNANCY AND 
RISK OF PROLONGED LABOUR (STUDY II) 
5.2.1 Summary of main findings 
In total, 5 275 deliveries (1.0%), were exposed to LMWH during pregnancy, 0.9% among nulliparous 
women and 1.1% among parous women.  In nulliparous women, labour dystocia affected 21.2% of 
women who did not use LMWH, 19.9% of those using LMWH in third trimester, and 23.9% of those 
using LMWH in the first and/or second trimester. For parous women, the corresponding rates were 
4.7%, 4.3%, and 5.5%, respectively. In both unadjusted and a number of adjusted models, the use of 
LMWH in the third or in the first and/or second trimester was not significantly associated with labour 
dystocia among nulliparous or parous women. The conclusion is that use of LMWH during pregnancy 
is not associated with a risk of labour dystocia. 
  Mode of delivery second labour  
(n=239 953) 
 
  Vaginal instrumental 
(n=5 827) 
 
Caesarean 
(n=4 659) 
Mode of delivery 
first labour 
Total 
No. 
Rate 
(%) 
aOR* 
 
(95% CI) Rat 
(%) 
aOR* 
 
(95% CI) 
Vaginal non-
instrumental 
       
No dystocia 172 136 1.1 1.00 (Reference) 0.8 1.00 (Reference) 
Dystocia 29 044 2.1 1.86 (1.67-2.1) 1.2 1.41 (1.22-1.62) 
Vaginal 
instrumental 
       
No dystocia 12 249 5.5 4.81 (4.33-5.34 ) 2.0 2.35 (2.00-2.76) 
Dystocia 18 527 7.2 6.54 (6.01-7.12) 2.6 3.13 (2.77-3.54) 
Caesarean        
No dystocia 4 042 14.6 20.07 (17.85-22.57) 22.9 40.24 (36.05-44.91) 
Dystocia 3 955 17.0 29.54 (26.24-33.26) 32.1 63.76 (57.18-71.10) 
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5.2.2 Main findings 
In the study population comprising 514 875 women with spontaneous or induced onset of labour, 
labour dystocia affected 21.2% of nulliparous and 4.7% of parous women. The most common 
underlying diagnosis for LMWH use was deep venous thrombosis. The unadjusted risk of labour 
dystocia increased with age, short maternal stature, higher BMI, diabetes (gestational and pre-
gestational), chronic hypertension, in vitro fertilization, increasing length of gestation and with 
induction of labour in both nulliparous and parous women. Smokers had a reduced risk of labour 
dystocia. Dystocia was strongly associated with epidural analgesia and with increasing birth weight. 
Use of epidural analgesia was more frequent among women without LMWH compared to those with 
LMWH in their third trimester. Gestational length at birth was not associated with use of LMWH in 
third trimester. 
Table 5.2: Regression analysis of use of low-molecular-weight heparin (LMWH) during 
pregnancy and diagnosis of labour dystocia in nulliparous and parous women with singleton 
infants in cephalic presentation, term or postterm births with induction or spontaneous onset of 
delivery, in Sweden, April 2006-December 2011.  
 
 Labour dystocia 
 
 Nulliparous women 
(N=232 104) 
 
 Model 1 Model 2 Model 3 Model 4 
Use of LMWH aOR
*  
(95% CI) aOR
* 
(95% CI) aOR
* 
(95% CI) aOR
* 
(95% CI) 
No use 1.00  (Reference) 1.00  (Reference) 1.00 (Reference) 1.00 (Reference) 
Third trimester 0.87  (0.76-1.00) 0.90 (0.79-1.04) 1.00 (0.87-1.15) 1.03 (0.89-1.19) 
First and /or 
second trimester 
1.01  (0.84-1.22) 1.04 (0.87-1.26) 1.08 (0.89-1.31) 1.09 (0.89-1.32) 
 Parous women 
(N=282 771) 
No use 1.00  (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 
Third trimester 0.85 (0.69-1.05) 0.89 (0.72-1.10) 0.99 (0.80-1.22) 1.03 (0.83-1.27) 
First and /or 
second trimester 
0.97 (0.68-1.37) 1.03 (0.73-1.46) 0.96 (0.68-1.38) 0.99 (0.69-1.42) 
*aOR= adjusted Odds Ratios. 
Model 1: Adjustments for maternal characteristics: treatment with LMWH, age, height, BMI, smoking during 
pregnancy, diabetes, hypertensive disease, assisted reproduction, education, year of birth and onset of labour 
Model 2: Adjustment for characteristics in model 1, and gestational length at birth.  
Model 3: Adjustment for characteristics in model 1, gestational length at birth and epidural analgesia. 
Model 4: Adjustment for characteristics in model 1, gestational length at birth, epidural analgesia and birth 
weight. 
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Compared to no use, LMWH use during the third trimester in nulliparous women was not associated 
with labour dystocia after adjusting for maternal characteristics (Table 5.2, model 1). When 
gestational length at birth, epidural analgesia and birth weight were taken into account, LMWH was 
shown not to affect risk of labour dystocia (Table 5.2 models 2-4). Use of LMWH in the first and/or 
second trimesters in nulliparous women was not associated with risk of labour dystocia. The analyses 
for parous women treated with LMWH in third trimester compared to no treatment demonstrated the 
same pattern (Table 5.2). 
In additional analyses, use of LMWH in the third trimester was stratified by a presumed high dose or 
prophylactic dose. Rates of labour dystocia in nulliparous women were 21.2% who had not used 
LMWH, 19.3% of those with presumed prophylactic dose, and 22.0% with presumed high dose. For 
parous women corresponding rates were 4.7, 4.7 and 2.7, respectively. Compared to no treatment, 
nulliparous women with a presumed prophylactic dose had a slightly reduced risk of labour dystocia 
after adjustments for maternal characteristics, but this was not significant after further adjustments. In 
nulliparous women, there was no association between a presumed high dose of LMWH and labour 
dystocia in crude analyses. After adjustments, however, a presumed high dose was associated with an 
increased risk of labour dystocia (OR 1.48 [95 % CI 1.12-1.97], after adjustments for maternal 
characteristics, gestational age, epidural analgesia, and birth weight; data not shown in table). 
 
5.3 PROLONGED SECOND STAGE OF LABOUR AND RISK OF LOW APGAR SCORE 
(STUDY III) 
5.3.1 Summary of main findings 
The overall rate of infant Apgar score at 5 minutes <7 and <4 was 0.7% and 0.1%, respectively. 
Compared to women with duration of second stage of <1 hour, adjusted ORs of 5-minute Apgar score 
<7 generally increased with duration of second stage, and with a duration ≥4 hours, the OR was 2.71 
(95% CI 1.67-4.40). Duration of second stage of labour was associated with a 5-minute Apgar score 
<7 in spontaneous vaginal deliveries, but not in instrumental vaginal deliveries. The conclusion of the 
study is that prolonged second stage of labour is associated with an increased risk of a low 5-minute 
Apgar score. 
 
5.3.2 Main findings 
The study population consisted of 32 796 nulliparous women with spontaneous onset of labour. The 
duration of the second stage of labour was less than 1 hour in 32.7% of all deliveries, 1 to 2 hours in 
28.9%, 2 to 3 hours in 17.9%, 3 to 4 hours in 11.9%, and 4 hours or more in 8.6%. Adjustments were 
made for maternal and infant characteristics. In a secondary model, additional adjustments for epidural 
analgesia was made. 
Duration of second stage and Apgar score <7 at 5 minutes 
Rates of Apgar score <7 at 5 minutes increased gradually with duration of the second stage (Table 
5.3). Rates of Apgar scores <7 at 5 minutes were also increased in infants of older mothers (≥35 
years), increased with decreasing maternal height, with delivery characteristics such as epidural 
analgesia, augmentation with oxytocin, and postterm gestational length (≥42 weeks). Male sex, a 
birthweight for gestational age lower than the 3rd or more than the 97th percentile, and a large head 
circumference (≥38 cm) were also associated with increased rates of  5 minute Apgar scores <7. 
   
41 
Compared to a second stage of labour of less than 1 hour, odds ratios of Apgar score <7 at 5 minutes 
generally increased with duration of the second stage in crude and adjusted analyses (Table 5.3). 
Duration of second stage and Apgar score <4 at 5 minutes 
Rates of Apgar score <4 at 5 minutes (per thousand deliveries) increased from 0.7 for a second stage 
of < 1 hour to 1.1 at 1 to <2 hours, 0.9 at 2 <3 hours, 2.6 at 3 to <4 hours and 2.8 at ≥4 hours. Rates of 
Apgar scores <4 at 5 minutes also increased among infants of mothers with maternal age of 30 years 
or more, with decreasing maternal height, epidural analgesia, augmentation with oxytocin and with a 
birth weight for gestational age lower than the 3rd or more than the 97th percentile. 
Compared to a second stage of labour of less than 1 hour, a duration of 3 to <4 hours was associated 
with an increased risk of an Apgar score <4 at 5 minutes with adjusted OR 4.28 (95% CI 1.52-12.05). 
The crude OR for the duration of the second stage of 3 to <4 hours was 4.36 (95% CI 1.58-12.03), but 
after adjusting for maternal and infant characteristics, the risk was no longer significantly increased 
(OR 2.77 [95% CI 0.82-9.38]). 
Table 5.3: Duration of second stage and risk of Apgar score <7 at 5 minutes. Nulliparous women 
with term and postterm singleton live births. 
  Apgar 5 min <7 
                            Odds ratio (95% CI) 
Second stage 
(hours) 
Total 
32 796 
n 
rate/ 
1000 
Crude Adjusteda Adjustedb 
<1 10 731 44 4.1 1.00 (Reference) 1.00 (Reference) 1.00 Reference 
1 to <2 9 491 66 7.0 1.70 (1.16-2.49) 1.78 (1.19-2.66) 1.71 (1.14-2.56) 
2 to <3 5 856 43 7.3 1.80 (1.17-2.74) 1.66 (1.05-2.62) 1.55 (0.98-2.46) 
3 to <4 3 898 35 9.0 2.20 (1.41-3.44) 2.08 (1.29-3.35) 1.91 (1.18-3.09) 
≥4 2 820 39 13.8 3.41 (2.21-5.25) 2.71 (1.67-4.40) 2.45 (1.49-4.02) 
aAdjusted for maternal age, height, BMI, smoking, sex, gestational age, sex-specific birth weight for gestational 
age and head circumference. 
bAdjusted for the variables in model a above, and epidural analgesia. 
 
5.4 DURATIONS OF SECOND STAGE OF LABOUR AND PUSHING, AND RISK OF 
ADVERSE NEONATAL OUTCOMES (STUDY IV) 
5.4.1 Summary of main findings 
The overall rates of umbilical artery acidosis, birth asphyxia-related complications and admission to 
NICU were 1.08%, 0.63%, and 6.42%, respectively. Rates and adjusted relative risks of birth 
asphyxia-related complications and admission to NICU generally increased gradually with the 
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duration of second stage (Table 5.4). There was no association between the total length of the second 
stage and the risk of acidosis. The duration of pushing among vaginal deliveries, however, was 
associated with increased rates and relative risks (RR) of acidosis. Birth asphyxia-related 
complications and admission to NICU were increased after 45 minutes of pushing. 
5.4.2 Main findings 
The number of all adverse neonatal outcomes generally increased with maternal age and BMI, and 
with decreasing maternal height. Rates were also increased for infants of non-smokers and mothers 
with gestational hypertension, preeclampsia and diabetes. Adverse neonatal outcomes were slightly 
more common after induction of labour and with use of augmentation with oxytocin. Acidosis 
increased with gestational age from 37 to ≥42 weeks. Being admitted to NICU was most common in 
the 37th gestational weeks and most uncommon in the 39th gestational week. 
There were 360 infants (1.08%) with umbilical artery acidosis, 269 infants (0.63%) with birth 
asphyxia-related complications (defined as any of the following conditions:  hypoxic ischemic 
encephalopathy [HIE], hypothermia treatment, neonatal seizures, meconium aspiration syndrome 
[MAS] and resuscitation in delivery room with heart compressions or intubation) and 2 733 infants 
(6.42%) were admitted to NICU. Adjustments were made for maternal characteristics as well as 
delivery and fetal characteristics. The relationships between the adverse neonatal outcomes are 
demonstrated in Figure 5.1. 
  
 
Figure 5.1: The relationships between the adverse neonatal outcomes. There were 269 infants 
with birth-asphyxia-related complications, and 245 of these (91.1%) were admitted to NICU. Among 
the 360 infants with acidosis, 82 (22.8%) were admitted to NICU and 25 (6.9%) also had at least one 
birth asphyxia-related complication. Among the 2 733 infants admitted to NICU, 245 (9.0%) had a 
birth asphyxia-related complication and 82 had acidosis. (531 of infants admitted to NICU had 
missing value for pH). Twenty-four infants had all three outcomes. Among infants with birth 
asphyxia-related complications, there were 60 infants with missing pH values. 
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Duration of second stage 
The median duration of second stage of labour was 1 hour and 33 minutes and 95% of the infants 
were delivered within 4 hours and 32 minutes. The number of birth asphyxia-related complications 
gradually increased with duration of second stage: from 0.42% at <1 hour to 1.29% at >4 hours. For 
admission to NICU, corresponding rates were 4.97% and 9.45%. Risk of acidosis was not associated 
with duration of the second stage. Adjusted relative risks (RR) of birth asphyxia-related complications 
and admission to the NICU generally gradually increased with duration of the second stage (Table 
5.4). There was no association between duration of second stage and risk of acidosis. 
Table 5.4: Duration of second stage of labour and rates and risks of umbilical artery acidosis, 
birth asphyxia-related complications and admission to neonatal intensive care unit (NICU). 
 
aRR: Adjusted relative risk 
aAcidosis: Umbilical artery acidosis, pH <7.05 and BE <-12. 
bBirth asphyxia-related complications include any of the following conditions: hypoxic Ischemic 
encephalopathy (HIE), hypothermia treatment, neonatal seizures, meconium aspiration syndrome (MAS), or 
advanced resuscitation after birth (heart compressions or intubation). 
cData missing for pH and/or BE: N=9 110. 
dAdjusted for: Maternal characteristics: maternal age, height, BMI, smoking, hypertensive disease and 
diabetes. Delivery and fetal characteristics: onset of delivery (spontaneous or induction), oxytocin before 
retracted cervix and gestational length at birth. 
 
  
  Acidosisa  Birth asphyxia-related 
complications b 
Admission to NICU 
 N  
totalc 
% aRRd (95 % CI) N  
Total  
% aRRd (95 % CI) % aRRd (95 % CI) 
 33 429 1.08   42 539 0.63   6.42   
Second stage (h)           
<1  10 518 0.99 1.00 (Reference) 13 558 0.42 1.00 (Reference) 4.97 1.00 (Reference) 
1 to <2 9 690 1.12 1.10 (0.84-1.45) 12 225 0.53 1.19 (0.83-1.70) 6.02 1.22 (1.10-1.35) 
2 to <3 6 130 1.27 1.19 (0.88-1.60) 7 710 0.77 1.59 (1.10-2.31) 7.11 1.41 (1.26-1.57) 
3 to <4 4 115 0.92 0.77 (0.52-1.14) 5 238 0.74 1.56 (1.04-2.35) 7.92 1.57 (1.39-1.77) 
≥4 2 976 1.04 0.84 (0.55-1.28) 3 808 1.29 2.46 (1.66-3.66) 9.45 1.80 (1.58- 2.04) 
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Duration of pushing 
Duration of pushing was analysed for vaginal deliveries. The median duration of pushing was 32 
minutes, and 95% of the infants were delivered within 1 hour and 18 minutes. The occurrence of 
acidosis gradually increased with duration of pushing: from 0.57% at <15 minutes to 1.69% at ≥ 60 
minutes with adjusted RR 2.55 (95% CI 1.51- 4.30). Numbers of birth asphyxia-related complications 
and admissions to the NICU increased after 45 minutes. Compared to <15 minutes, adjusted relative 
risks of admission to the NICU increased with duration of pushing (45-<60 minutes OR 1.43 [1.22-
1.67] and ≥ 60 minutes 1.54 [1.31-1.80]), but the risk of birth asphyxia-related complications was not 
associated with duration of pushing. 
The risk of birth asphyxia-related complications and admissions to NICU generally increased with the 
duration of the second stage in both the non-epidural and epidural groups in the stratified analyses. In 
analyses stratified by mode of vaginal delivery, the adjusted relative risks of birth asphyxia-related 
complications and admission to the NICU increased with duration of the second stage for non-
instrumental deliveries but not for instrumental vaginal deliveries.  
The length of the passive phase of the second stage and the duration of pushing (<45 minutes or ≥45 
minutes) and occurrence of adverse neonatal outcomes in vaginal deliveries were analysed in 
additional analyses. Rates of acidosis increased in deliveries with long pushing time, while the length 
of the passive phase did not have a major impact. The number of birth asphyxia-related complications 
and admission to NICU generally increased both with the length of passive phase of second stage and 
pushing time, and especially in combination.   
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6 DISCUSSION 
6.1 METHODOLOGICAL CONSIDERATIONS 
6.1.1 Study design 
The association between an exposure and specific outcomes can be studied in observational cohort 
studies. The study population is followed over time and individuals are grouped by exposure status 
and are compared with regard to occurrence of events of interest. The most common disadvantage 
with prospective observational cohort studies is their long duration and consequently the risks of loss 
of follow up, selection bias and high costs. To use previously collected data from registers could be an 
option. 
We used the MBR to perform cohort studies in study I and study II. This gave us the opportunity to 
use pre-existing, prospectively collected data (i.e. before the occurrence of the outcome) in a 
systematic manner. The MBR is nation-wide and population-based. Given the large size of the 
cohort, even rare exposures can be studied. One example is the use of low-molecular-weight 
heparins during pregnancy in study II. The cohort size also makes it possible to study associations 
between exposures and outcomes in stratified analyses, such as dystocia together with mode of 
delivery in first labour and mode of delivery in second labour as performed in study I. 
Studies III-IV are cohort studies based on the Stockholm Gotland Obstetric Cohort. The data is 
population-based from the Stockholm-Gotland area. Similar to the MBR, the information had 
already been collected in a prospective manner, but this cohort includes more detailed information. 
This gave us the opportunity to study the exposures of duration of the second stage (study III) 
together with duration of pushing (study IV) on several neonatal outcomes. 
The major limitation with this type of cohort studies is that information on exposures, outcomes and 
potential confounders are restricted to information included in the registers. A prospective 
observational cohort study, where data is collected for the purpose of the study, does not have this 
limitation. Randomized controlled trials are sometimes, but not always a possible option within the 
obstetric field, due to ethical considerations and power concerns.  
 
6.1.2 Systematic error 
Systematic errors are non-random. They occur due to incorrect selection of the study population 
(selection bias), incorrect classification of the studied variables (information bias) or disregard for 
other interacting variables that influence the results (confounders). Increased sample size cannot 
remediate this. 
 
6.1.3 Internal validity 
Internal validity implies how sound the results of the study are. This can be achieved by avoiding 
systematic errors such as selection bias, information bias and confounding, together with lack of 
random errors. Selection bias, information bias and confounding are all present to some degree in 
observational studies. Therefore, conclusions of causality cannot be drawn. With limited internal 
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validity follows limited external validity. A homogenous study population, an optimised study design 
and thorough data collection increases the internal validity. 
6.1.4 Selection bias 
If the association between exposure and outcome differs between the subjects in the study group and 
those in the source population, i.e. the population from which the study group is recruited, this can 
lead to an under- or overestimation of the true relative risks. Selection bias in cohort studies is mainly 
a matter of external validity rather than internal validity. 
Since studies I and II are population-based, with an almost complete coverage of births in Sweden, 
the issue of selection bias is limited. In study I, however, elective caesareans in first and second 
deliveries were excluded. Additionally, induced labours were excluded in order to eliminate the 
effects of onset of delivery. This results in a selection bias if labours with these onsets are different 
from labours with spontaneous onset, with regard to the studied associations. Women with an elective 
caesarean in second pregnancy are more likely to have a history of dystocia, instrumental vaginal 
delivery and caesarean section. It was shown that these factors increase the risk of both labour 
dystocia and instrumental delivery in second labour. The strength of the association between previous 
dystocia and instrumental delivery on mode of delivery in second labour may thus be underestimated. 
We were also forced to exclude a small group of women with missing information on fetal 
presentation, gestational age and onset of labour. If the characteristics of women who were excluded 
due to missing information were different from the characteristics of women having this information, 
this would introduce a selection bias. In study II, women with elective caesareans were excluded. 
Those using low-molecular-weight heparin (LMWH) who were delivered by an elective caesarean 
section may have other indications for the use of LMWH, compared to those with LMWH in the study 
population. If these indications were associated with the risk of dystocia, a potential selection bias 
would be introduced.  
 
Studies III and IV are population-based, covering about one fourth of the Swedish population. In 
these studies, only nulliparous women were included, limiting the generalisability on parous 
deliveries. In study III, induced labours, elective caesareans as well as caesareans during first stage of 
labour were excluded, leading to a potential selection bias. This was also the case when one out of 
seven delivery hospitals in the region was excluded in study IV. This delivery hospital did not 
routinely take umbilical cord blood samples, and may differ in other obstetric practices.  
 
6.1.5 Information bias 
Information bias occurs when information about the exposure or the outcome of study objects is 
systematically inaccurate, i.e. misclassified. Misclassification can be either differential or non-
differential. When misclassification is different in the exposed and non-exposed groups, it is 
differential and leads to under- or over-estimation of the true association. Non-differential 
misclassification occurs equally in both exposed and non-exposed groups and usually leads to an 
underestimation, a dilution, of the true association. In observational studies, it is most likely that some 
misclassifications of exposures and outcomes exist. 
In studies, either based on the MBR (I and II) or the Stockholm-Gotland Obstetric Cohort (III and 
IV), information was prospectively collected, diminishing the risk of bias due to differential recall or 
recording of information. In studies I and II, examining the diagnosis of labour dystocia instead of the 
partograms in is a limitation. In study I, diagnosis of labour dystocia constitute both the exposure and 
outcome together with the outcome of mode of delivery in second labour. Dystocia is additionally the 
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outcome in study II. There is a risk that diagnosis of labour dystocia could be misclassified when 
subjectively obtained by the obstetrician on the delivery ward, at discharge or by specially trained 
administrative staff. In a study by Nystedt and co-workers in 2014, based on the MBR in 2007-2008, 
it seems as though dystocia is generally a somewhat underdiagnosed condition in relation to the 
Swedish version of the ICD-10 definitions (Table 4.2). Diagnoses of dystocia in first and second 
stages recorded in the medical records were compared with partograms for 829 women. Overall, 
13.6% of women had labour dystocia according to the codes and partograms. An additional 8.1% had 
labour dystocia without a recorded diagnosis. None of the mothers diagnosed with dystocia were 
reported having a partogram without dystocia. Overall, there were 35.6% nulliparous and 10.2% 
parous women diagnosed with dystocia.77 This could lead to a non-differential misclassification for 
the outcome of labour dystocia in study I. However, the proportions of women diagnosed with labour 
dystocia in our studies are quite similar as compared to other recent studies with similar definitions, 
although ours are in the lower range.74, 77, 85 It was not possible to validate the diagnoses of labour 
dystocia in our population (see Table 4.3).  
If an instrumental vaginal delivery or caesarean is performed, an indication is needed. Therefore, the 
diagnosis of dystocia is potentially more commonly provided in these situations compared to when 
having spontaneous vaginal deliveries, which may lead to misclassification. If a woman has 
previously had dystocia and/or a caesarean, this could potentially lead to that the obstetrician 
terminates the delivery with a vaginal instrumental or caesarean delivery earlier than without these 
exposures. Thus, the exposures in study I could have affected the classification of the mode of 
delivery outcome. This could lead to an overestimation of the relative risks of instrumental deliveries. 
In study II, there is a potential for a more frequent diagnosis of labour dystocia to be derived from 
surveillance bias. Women using LMWH are generally more often classified as high risk, and are 
therefore supervised more intensively. This could lead to an increased probability of the diagnosis of 
dystocia, and consequently a risk of over-estimation. Information on LMWH use in study II was 
retrieved from the Prescribed Drug Register using data on time for the dispensed drugs, without 
information on compliance or dose. A consequence could therefore be a misclassification of having 
the exposure or not and having presumed high-dose or prophylactic dose. 
In studies III and IV, we had access to information about the duration of second stage and were thus 
not dependent on discharge diagnoses. Nevertheless, in complicated pregnancies, a potential 
surveillance bias could have been introduced. If there were any signs of fetal compromise, additional 
examinations would be conducted and a fully dilated cervix could be noticed earlier than with fewer 
examinations. 
In study IV, information about umbilical cord blood samples was missing for 21% of the deliveries. 
The likelihood of no blood samples being taken from the umbilical cord of infants born in a 
compromised state is more probable. Thus, infants born with asphyxia may be more likely to have 
missing samples. This could lead to differential misclassification, where the true association between a 
prolonged second stage and acidosis would have been under-estimated. Other neonatal outcomes in 
study IV are likely to be similarly classified for infants of all women, with respect to the duration of 
the second stage.    
 
6.1.6 Confounding 
Confounding is a form of bias and a central issue in epidemiological studies. The concept of 
confounding implies that the effect of the studied exposure is confused with the effects of other 
variables, called confounders, which leads to distortion of the results. If there is an imbalance between 
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the non-exposed and exposed groups, the confounder affects the outcome. A confounder is associated 
with the studied exposure and is also a risk factor for the outcome without actually being a part of the 
causal pathway as an intermediate step (mediator) between the two. It is of major importance to 
identify potential confounders. Unidentified or unadjusted confounders may distort the real 
association between an exposure and an outcome. Confounding may be taken into consideration in the 
study design by randomisation, restriction or matching. If the study population is large enough, 
randomisation takes care of known and unknown confounders. Restriction is the selection of subjects 
who have similar characteristics for variables that might be confounders. This increases the internal 
validity, but needs to be balanced against selection bias and the external validity of the study. 
Matching is commonly used in case-control studies. In the analysis of the data, multivariable analysis 
and stratification can be used to control for confounders, provided that information about confounders 
is available. The power of a study can be a limitation for both stratification and multivariable analysis. 
The quality of the variables in the MBR is generally high, and has previously been discussed in the 
method section (page 29). In the evaluation of the MBR in 2003, Källén and co-workers commented 
that lack of data obviously affects the estimates of prevalence, but that there is usually little impact 
on risk estimates if the missing information is random.153  
Maternal factors, such as age, height and BMI were considered to be confounders in all four studies. 
For example, in study II, overweight is a confounder in the association of the use of low-molecular-
weight heparin with the risk of labour dystocia. Over-weight is a risk factor for thromboembolism, and 
consequently the use of low-molecular-weight heparin, and is also associated with labour dystocia.95, 
167 Due to the differences in incidence of dystocia, labour management and potential confounders for 
nulliparous and parous women, either stratification of parity or a restriction to only nulliparous women 
were made in studies II-IV.  
Unmeasured maternal factors and residual confounding was potentially present in all four studies. It is 
difficult to decide whether some variables in the delivery process are confounders, part of the causal 
pathway or influence the associations as effect modifiers. Oxytocin is associated with adverse 
neonatal outcomes, especially when overstimulation occurs.68 When a prolonged second stage is 
established, oxytocin can be administered, and would thus be a mediator of the relationship between 
prolonged second stage and adverse neonatal outcomes. For this reason, it was not adjusted for in 
study III. In study IV, however, information about the time of administration of oxytocin was used 
and was related to the different phases of labour. If the treatment started before the exposure, it was 
considered a confounder. In studies I and II, we had no information about the administration of 
oxytocin. Consequently, we were not able to assess if administration of oxytocin was influenced by 
the exposures (previous dystocia and use of low-molecular weight heparin) compared to the controls. 
 
6.1.7 External validity 
External validity is the generalizability of the study. Where there is external validity, results can be 
applied to individuals and settings other than those in the study population. Since studies I and II were 
population-based and nation-wide, where only 1-2% of births were not included, they are 
generalizable to the Swedish population. Studies III and IV were population-based in the Stockholm 
Gotland region, and included about one fourth of all births in Sweden. Even though there are national 
recommendations, the clinical practice of dealing with prolonged labours can vary within and between 
countries. The risk estimates of the four studies cannot be generalised to other populations or other 
countries. They can, however, provide information for similar settings in developed countries. 
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6.1.8 Random error 
Random error refers to variability in data due to chance, and determines the statistical reliability of the 
results. Random errors can be reduced by increasing sample size and therefore increasing precision. 
By using statistical methods, the role of random error can be evaluated and should always be 
considered in observational studies. A confidence interval of 95% is the standard way to present 
random error. This indicates that if the data collection and analysis would be repeated a hundred 
times, the interval would include the correct value in 95 of the cases. A confidence interval of 95% 
was used in studies I-IV. The role of random error can also be presented as a p-value. The p-value is 
the probability of congruence of the null hypothesis. A low p-value rejects the null-hypothesis. 
Significance testing should be considered as a measure of the role of chance rather than the true 
association between the studied variables. Besides the sample size and statistical significance, the 
causality of the results should always be reflected upon against the background of the a priori 
hypothesis, the biological plausibility, the strength of the association, the consistency in sub-analyses 
and other studies as well as the temporality of exposure and outcome. 
Validity together with the precision of a study determines its accuracy. Accuracy is an assessment 
of the adequacy of the study, i.e. that the study measures what it claims to measure, and of how 
precise these measurements are. 
 
6.2 FINDINGS AND IMPLICATIONS 
6.2.1 Risk factors for labour dystocia                                                                                                                                                                                                                                                                                                                                                                                                                                  
Differences in the ways in which the study populations were selected, the diagnostic criteria used for 
dystocia and how confounders were controlled for make it difficult to compare studies of labour 
dystocia.137, 168 
Maternal characteristics 
The incidence of labour dystocia is largely dependent on parity and primarily affects nulliparous 
women.74, 137 Studies I and II considered dystocia overall, including both first and second stages of 
labour. Dystocia was more common among nulliparous than among parous women in study I (21.5% 
and 5.3%, respectively) and in study II (21.2% and 4.7%, respectively). These results are congruent 
with other studies of similar populations.74-77 Since dystocia differs between nulliparous and parous 
women and confounding can be associated with parity, the most clinically relevant way is to assess 
these women separately. Studies III and IV were restricted to nulliparous women and the duration of 
second stage was analysed by the hour. In study III, a duration of second stage of more than 3 hours 
(irrespective of epidural status) affected 20.5% of the labouring women. In study IV, the 
corresponding rate was 21.3%. This suggests that diagnosis of labour dystocia could be somewhat 
under-reported in the MBR. 
In studies I and II, maternal characteristics such as increasing age, BMI and short stature were 
associated with labour dystocia in nulliparous and parous women. Increasing inter-pregnancy interval 
was additionally associated with dystocia in study I. These findings are supported by previous studies 
in nulliparous women or women with mixed parities.84, 85, 91, 92, 96 It was not possible to assess whether 
or not the influence of these variables was different in the first and second stages84, 94, 95 as we 
examined the diagnosis of dystocia irrespective of stage. 
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In study I, women not cohabiting with the infant’s father-to-be showed an increased risk of dystocia in 
second labour. Lack of support, during pregnancy and labour may have contribute to these findings 
since emotional and physical support have been demonstrated to reduce the length of the labour 
process.169 Smoking was not found to be associated with labour dystocia in study I. Irrespective of 
parity in study II, a reduced risk of dystocia in unadjusted analyses was demonstrated in women who 
smoked. This could possibly be explained by the lower infant birth weight in pregnancies with 
smoking mothers.170 In a Danish study, there was no association between smoking and labour 
dystocia.92 In study II, assisted reproduction was associated with an increased rate of labour dystocia 
in both nulliparous and parous women. This finding is supported by a previous study on the first stage 
of labour, yet disconfirmed by another study.87 105 
Previous studies have found a relationship between diabetes and hypertensive disorders and prolonged 
labour.87, 88 In study I, no association was found between hypertensive disorders and dystocia. In study 
II, however, hypertensive and diabetic diseases were associated with increased unadjusted risks of 
dystocia. Study I was restricted to deliveries with spontaneous onset of labour. An association could 
therefore have been hidden, since women with diabetic and hypertensive diseases more commonly 
have induced deliveries, and especially those with severe conditions. 
Delivery factors 
During the delivery process, the actual fetal weight is unknown. The assessment of fetal birth-weight 
by ultrasound in during the third trimester is commonly not very specific.171 In study I, high birth 
weight in first labour was associated with increasing rates of dystocia in second labour in a dose-
response fashion. After adjustments for potential confounders, this association was no longer 
significant, suggesting that this finding was due to other factors associated with high birth weight. 
Increasing birthweight in the concurrent pregnancy in study II was strongly associated with higher 
rates of dystocia for nulliparous and parous women. When birthweight was added to the adjusted 
model, the association between dystocia and LMWH was not substantially affected. According to 
previous reports, rates as well as adjusted risks of birthweight are associated with labour dystocia in 
both the first and second stages of labour.81, 87, 88, 115 
 
6.2.2 Epidural analgesia 
Depending on the study period and the selection of the population, the frequency of epidural analgesia 
during labour differed in the four studies. In study I, 37% used epidural in the first labour and 15% in 
the second labour. In study II, corresponding rates were 50% of nulliparous and 19% of parous 
women. In study III and study IV, 59% and 65% of nulliparous women reaching the second stage, 
used epidural.  
Epidural analgesia is strongly associated with dystocia, but is the relationship is causal? Does epidural 
analgesia cause the labour dystocia or is it a part of the causal pathway? Can epidural be an effect 
modifier in the association between the dilation pace and an established dystocia; can an already slow 
progress be more affected by epidural than a normal pace during labour? A large number of studies, 
some of which have been discussed in the background section (2.4.6), have tried to elucidate the 
effects of epidurals. The duration of second stage of labour seems to be significantly associated with 
the use of epidural, but the effects on first stage remain unclear.121 Women with epidural differ from 
women who do not use epidural with respect to other maternal characteristics, but how the use of 
epidural should be accounted for in observational studies is not clear. Some studies assess associations 
between prolonged labour and delivery outcomes in analyses stratified by epidural use.79 In other 
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studies, epidural was either adjusted for,86, 130, 132, 133 or not adjusted for80, 131 in the multivariable 
analyses. 
Compared to women without the use of epidural, the proportion of dystocia in second labour in study 
I and in first or following labours in study II were increased in women with epidural. However, both 
among women with and without the use of epidural in study I, there was an increased risk of 
recurrence of dystocia irrespective of mode of first delivery. Thus, we could not explain the risk of 
dystocia in second labour as being a consequence of the use of epidural. In study II, adjustments and 
stratified analyses for use of epidural were made, but the association between LMWH and the risk of 
dystocia was still non-significant among nulliparous and parous women whether an epidural was 
given or not.  
In studies III and IV, the overall rates of a low 5-minute Apgar score, birth-asphyxia-related 
complications and admission to NICU among women with epidural was higher than among women 
who had not had an epidural. In study III, epidural was not found to be an effect-modifier and was 
therefore treated as a confounder. There is no support in previous studies, however, of an association 
between epidural analgesia and adverse neonatal outcomes.121 The effect of an epidural could 
therefore be due to other confounders associated with their use. In addition, analyses stratified by 
epidural use were made. 
In study IV, the risks of birth-asphyxia related complications and admission to NICU generally 
increased with duration of second stage in deliveries both with and without epidural. Use of epidural 
could therefore not explain the association between duration of second stage and adverse neonatal 
outcomes. Laughon and co-workers even proposed that an increased duration of second stage with 
epidural analgesia could be less harmful for the infant than a prolonged duration due to other 
underlying factors.79 
 
6.2.3 Recurrence of dystocia and mode of delivery in second labour 
That labour dystocia primarily affects nulliparous women is well known, but there is little information 
how previous dystocia influences the subsequent labour. To our knowledge, study I was the first study 
to investigate the risk of dystocia recurrence and its relation to the mode of delivery. One in twenty 
women experienced dystocia in second labour. Among women with previous dystocia, one in ten was 
also affected in their second labour. However, there were large variations among different groups. 
Risk of dystocia in second labour was largely influenced by the previous mode of delivery. Further, 
the risk of having labour dystocia and instrumental vaginal or caesarean delivery in second labour was 
largely influenced by maternal and delivery characteristics. We therefore created a risk score based on 
the adjusted odds ratios of labour dystocia. 
Compared to women with a normal duration of labour, dystocia is associated with a more negative 
experience of the delivery and the labour pain.77, 143, 144 A previous prolonged labour could therefore 
influence the decision about further pregnancies and a preference for elective caesarean section. 
Additionally, if having a trial of labour in second childbirth, dystocia in previous delivery can 
influence the interventions during labour and the spontaneous vaginal delivery rates. 
In study I, the results could be applied to create a more individualised antenatal guidance and risk 
assessment of labour. If a woman has experienced a previous dystocia with a vaginal (non-
instrumental or instrumental) delivery, the risk of recurrence of dystocia was only 1 in 10, with low 
risks of both vaginal instrumental and emergency caesarean deliveries. This could support a woman’s 
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decision to aim for a vaginal delivery in following pregnancy. Our risk score has, however, not been 
tested in a clinical setting. 
 
6.2.4 Caesareans and trial of labour after caesarean 
The annual overall incidence of caesarean deliveries in Sweden has increased over time, reaching 
17.7% in 2014.8. The numbers continue to rise, especially in the elective caesarean group (Figure 2.2). 
Other western countries like England and the US, have annual incidences of caesareans of 26%, and 
33%, respectively.42, 172  Compared to vaginal delivery, procedure of caesarean section is associated 
with increased risks of short-term severe maternal morbidity in a low-risk population.173, 174 
Additionally, there are long-term risks of maternal morbidity and mortality following caesareans.175 
In order to prevent overuse and non-medically indicated caesarean sections, clinically important 
approaches are prevention of the first caesarean and trial of labour after caesarean (TOLAC). The 
clinical practise regarding TOLAC differs among countries and even between hospitals. In the US, the 
most common indication for a caesarean section is an elective repeat caesarean due to previous uterine 
scare.176 After one earlier caesarean section, the general Swedish recommendation is to aim for a 
second vaginal delivery in the absence of medical indications for caesarean. After a second caesarean, 
an elective caesarean is most commonly recommended.177 According to recent US studies, less than 
one in three women had a trial of labour after a previous uterine scar,176 and 8-16% had a vaginal birth 
after a caesarean (VBAC).127, 176, 178 Depending on the selection of women for TOLAC, studies have 
reported a successful vaginal birth rates of 57-76%.176, 179, 180 This corresponds to our study on women 
with spontaneous onset, where almost two out of three with an earlier caesarean had a trial of labour. 
Among these women, 77% who had not had previous dystocia and 68% with previous dystocia had a 
successful VBAC. 
In deliveries with trial of labour after caesarean with previous dystocia compared to those without, a 
repeat caesarean is more common.181-183 Several studies and guidelines for TOLAC stress the 
importance of identifying demographic and previous obstetric information along with current obstetric 
characteristics to evaluate the possibility of a successful VBAC.177, 184-187 An earlier caesarean due to 
dystocia is commonly noted as a negative predictor187, although the recurrence rate of dystocia is still 
unclear. Compared to elective repeat caesareans, rates of maternal complications are higher for failed 
TOLAC and lower for VBAC.187 In assessing the risk of adverse outcomes, the probability of a 
successful VBAC is therefore important to estimate. 
 
6.2.5 Low-molecular-weight heparin and labour dystocia 
In study II, the use of LMWH during pregnancy and diagnosis of prolonged labour were not 
associated after adjustments for maternal, delivery and fetal characteristics in our population-based 
study of more than 500 000 term or post-term nulliparous and parous women with induction or 
spontaneous onset of labour.  
The hypothesis that there is an association between LMWH and labour dystocia was based on the 
heparin sulphate proteoglycans role in the cervix and uterus during the ripening and delivery 
processes.38 36, 37 The LMWH dalteparin increased myometrial smooth muscle contractility in vitro, 
and this effect was primarily observed together with oxytocin.39 In study II, we could not study this 
mediation since we did not have information about the use of oxytocin.  
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The association between use of LMWH and the duration of labour has previously been assessed in 
two Swedish investigations.164, 188 In these studies, 99 and 104 nulliparous women were exposed to the 
LMWH dalteparin. Exposed women had shorter mean labours and a lower risk of prolonged first 
stage of labour compared to controls.164, 188 LMWH had no effect on the second stage duration.164 
In contrast to these studies, we examined the diagnosis of dystocia rather than the estimated duration 
of labour. Our study differed to the one by Ekman-Ordeberg since we included women with 
emergency caesarean deliveries and women with induction of labour. In the study by Ekman-
Ordeberg, exposed and unexposed women were matched by age and stratified by use of epidural 
analgesia, but no adjustments were made for other potential confounders.188 In the study by Isma and 
co-workers, there were significant differences of variables such as maternal age, maternal weight, 
epidural analgesia, gestational length at delivery and frequency of preterm deliveries in the two 
groups. This was not accounted for in the analysis and may partly explain the shorter duration of 
labour among women using LMWH.164 
In the subgroup analyses where LMWH use in third trimester was divided by presumed dose, there 
was an increased risk of labour dystocia for nulliparous women in the presumed high dose group, 
compared to no treatment. These results have to be interpreted with caution, but could be due to that 
these women are a high-risk group, with more frequent surveillance and potentially also interventions 
during delivery. 
In these three studies of the association between LMWH and prolonged labour, all exposed women 
exposed had an indication for the use of LMWH. These underlying factors could be associated with 
the duration of labour. The underlying biological effects of LMWH is of great interest since we do not 
have any drugs other than oxytocin to prevent or treat labour dystocia. The use of LMWH during 
pregnancy is safe for 
 the offspring, since LMWH neither cross the placenta nor pass into breastmilk.189 A randomised 
controlled trial of the effects of LMWH use on delivery and obstetric outcomes is warranted.  
 
6.2.6 Neonatal consequences of prolonged second stage of labour 
In our two large population-based cohort studies (III and IV) of nulliparous women in gestational 
week 37 or more reaching the second stage of labour, we found an increased risk of low 5-minute 
Apgar score, birth asphyxia-related complications and admission to the neonatal intensive care unit 
(NICU), even after adjustments had been made for maternal and infant characteristics, and delivery 
management. Furthermore, the results were also significant when restricted to vaginal non-
instrumental deliveries in both studies. 
The outcomes were relatively rare and hence, the absolute risk differences for a 5-minute Apgar score 
of <7 and <4, and birth asphyxia-related complications were small. Still, regarding admission to 
NICU, the absolute risk difference between second stage duration of less than 1 hour compared to 4 
hours or more was 4.5%. The overall rates of adverse neonatal outcomes were similar to those 
reported in other studies.80, 81, 131  
Several large studies of contemporary nulliparous populations, with adequate adjustments for 
confounders support our results in studies III and IV.78, 79, 81In a population-based study by Allen and 
co-workers, a second stage of less than two hours was compared to durations that was beyond two 
hours by the hour. An increased adjusted risk of a 5-minute Apgar score <7 was found in the groups 
with a duration of more than 2 hours to 4 hours. Among spontaneous vaginal deliveries, there was an 
increased risk of birth depression (delay in initiating and maintaining respiration after birth requiring 
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resuscitation by mask or endotracheal tube for at least 3 minutes, a 5-minute Apgar score of 3 or less, 
or neonatal seizures due to HIE), admission to NICU and composite perinatal morbidity with second 
stages longer than 2 hours.78 These results are similar to a recent large cohort study stratified by use of 
epidural analgesia. In nulliparous women, adjusted risks of NICU admission, sepsis, and a 5-minute 
Apgar score <4 were significantly increased with prolonged duration, regardless of epidural status. 
With a prolonged second stage, the risk of severe asphyxia increased among women with epidurals 
and perinatal mortality increased in the non-epidural group.79 An association between dystocia in 
second stage and 5-minute Apgar score, seizures, resuscitation at delivery, NICU admission and 
increased caesarean delivery rates for non-reassuring fetal heart rate was found in another study.81 
Rouse and co-workers found an increased risk of admission to NICU, albeit not for other adverse 
outcomes.80 
Still, a number of other studies suggest that a prolonged second stage is not associated with adverse 
neonatal outcomes in nulliparous and mixed parities, with access to fetal monitoring.133-135, 146, 147 
These contradictory results may be due to different categorisations of the second stage,134, 147 
restriction to vaginal deliveries,147 or lack or differences in adjustments of confounding factors80, 133-135, 
146, 147 Furthermore, some studies were rather small and probably affected by limited statistical 
power.80, 134, 147 
In study IV, pushing time was associated with increased risks of umbilical artery acidosis and 
admission to NICU. Furthermore, combined analyses showed that rates of birth asphyxia-related 
complications and admission to NICU also increased with duration of the passive phase of second 
stage and were even higher when combined with longer pushing. Duration of pushing, but not 
duration of the passive phase, was associated with increased rates of umbilical artery acidosis. 
Fetal pH and base excess (BE) seems to decrease with duration of second stage but is not influenced 
by the duration of first stage of labour, although the clinical importance is unclear.190 In contrast to the 
passive phase of the second stage, acidosis increases during the pushing phase.191 Some studies have 
demonstrated a decline in fetal arterial pH and cerebral oxygenation with prolonged pushing time.192, 
193 Fetal lactate levels increase by approximately 1 mmol/L for every 30 minutes of pushing.194 These 
results are consistent with the results in study IV where an association between duration of pushing 
and umbilical artery acidosis was demonstrated, whereas risk of acidosis was not related to the total 
duration of second stage. However, in another Swedish study, pushing for 45 minutes or more was not 
significantly associated with academia after adjustments had been made for hyperactive contractions 
and augmentation with oxytocin.68   
Adverse neonatal outcomes have primarily been assessed in relation to the entire second stage of 
labour. Studies of neonatal consequences related to duration of pushing indicate contradictory 
results.130, 131, 148 With continuous fetal surveillance during delivery, Le Ray and co-workers did not 
find an association between duration of pushing and adverse neonatal outcomes.131 In a large study by 
Grobman and co-workers in 2016, seizures and HIE were more common in infants delivered after a 
long pushing time. With pushing for 2 hours or longer, an increased adjusted risk of neonatal 
composite adverse outcome was demonstrated.130 Another study reported an increased risk of neonatal 
acidosis after only 15 minutes of pushing.148 
Even though the absolute risk of adverse neonatal outcomes is low, the consequences can be 
devastating. HIE is a predictor of significant long-term neurodevelopmental sequelae.195 Severe 
metabolic acidosis is associated with low 5-minute Apgar score, seizures, HIE, neonatal deaths and 
long-term sequelae.196, 197 A low 5-minute Apgar score is associated with neurological disability and 
low cognitive function198, 199  
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Balancing the risks and benefits of interventions in the second stage is of major importance. Aiming to 
reduce non-medically indicated caesareans and instrumental vaginal deliveries, and equally important, 
avoiding adverse maternal and neonatal outcomes, is a challenge. At the same time, the delivery 
process should be a positive experience, with adequate pain-relief and support provided. According to 
studies III and IV, clinical fetal surveillance is of outmost importance, especially with increasing 
durations of second stage and pushing. Metabolic acidosis at birth is commonly associated with 
substandard care, oxytocin misuse, hyperactive labour and failure to respond to pathological 
cardiotochographic patterns.69, 70 A prolonged second stage of labour therefore warrants close clinical 
reassessment of the delivering woman, the contractions and the fetus. 
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7 CONCLUSIONS 
 
 The overall recurrence risk of labour dystocia is only one in ten. 
 
 The risk of dystocia in second labour is associated with previous dystocia and previous mode 
of delivery, especially caesarean section. 
 
 Long interpregnancy interval, maternal age ≥35 years, high BMI, short maternal stature, not 
co-habiting with the infants father-to-be and postterm pregnancy are in addition associated 
with dystocia in second labour. 
 
 Accounting for obstetric history, maternal anthropometríc and demographic factors is 
important in the risk assessment for dystocia and instrumental delivery in second labour. 
 
 Use of low-molecular weight heparin (LMWH) during pregnancy is not associated with 
diagnosis of labour dystocia. 
 
 Increasing duration of second stage of labour is associated with increased risk of 5-minute 
Apgar scores of less than 4 and less than 7 in offspring of nulliparous women. 
 
 Increasing duration of second stage of labour is associated with  increased risks of birth-
asphyxia related complications and admission to neonatal intensive care unit (NICU) in 
offspring of nulliparous women. 
 
 Risk of umbilical artery acidosis increased with duration of pushing, but not with the overall 
duration of second stage of labour. 
 
 The absolute risk differences for neonatal low 5-minute Apgar score, birth-asphyxia related 
complications and acidosis are low. 
 
 A prolonged second stage of labour and pushing warrants clinical assessment of fetal well-
beeing.
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8 FUTURE PERSPECTIVES 
 
 Reassessment of the labour curves (partograms) among nulliparous and parous women in a 
prospective manner in a Swedish setting is warranted. 
 
 Different regims (indications and duration of use) for oxytocin administration in first stage of 
labour needs to be further evaluated with regard to successful vaginal birth rates and adverse 
maternal and neonatal outcomes. 
 
 Studies on the effects of low-molecular weight heparin (LMWH) on the labour process could 
be assessed in other settings or as a randomised controlled trial since all current studies are 
from Sweden, and all women included had an indication for use of LMWH. 
 
 The relationships between durations of second stage and pushing and adverse maternal and 
neonatal outcomes needs to be studied in a well-powered longitudinal prospective manner 
with detailed information. Actions should be standardised (i.e. no interventions without an 
indication), and if possible randomised at different time-limits. The causal effect of the 
duration of second stage could then be studied. 
 
 To clarify if  fetal surveillence can become improved with increasing duration of second 
stage, and if such improvements reduce the risks of adverse outcomes. 
 
 To demonstrate if the cervical dilatation rate and level of cervical dilation prior to epidural 
influence the dilatation rate in first stage after administration.  
 
 To find out if the level of cervical dilation at administation of epidural, and the total duration 
of epidural, influence the passive and pushing phases of second stage of labour.  
 
 Furthermore, to update official national Swedish guidelines of definitions of active phase of 
labour and normal labour are recommended as a complemet to the Swedish national 
recommendations for augmentation with oxytocin.
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9 POPULÄRVETENSKAPLIG SAMMANFATTNING PÅ 
SVENSKA 
 
Förlossningsförloppet kan delas in i öppningsskedet (eng. first stage of labour), utdrivningsskedet 
(eng. second stage of labour) samt efterbördsskedet (eng. third stage of labour). Öppningsskedet kan i 
sin tur delas in i latensfas och aktiv fas. Latensfasen börjar med sammandragningar, den är ofta diffus 
och varierar mycket i längd mellan olika förlossningar. En vanlig definition av övergången mellan 
dessa faser är att två av följande tre kriterier är uppfyllda: att livmodertappen (cervix) är utplånad och 
öppen 3-4 cm, att kvinnan har regelbundna smärtsamma sammandragningar eller att fosterhinnorna 
har brustit. Den aktiva fasen håller på tills livmodertappen är helt öppen och varar vanligtvis omkring 
6 timmar hos förstföderskor. Därefter börjar utdrivningsskedet som indelas i nedträngningsfas, som 
varar i 1-2 timmar och utdrivningsfas (krystning) som pågår i 0,5-1 timme.26 Efterbördsskedet är efter 
barnets födsel tills moderkakan har krystats ut. 
Värksvaghet, som även kallas dystoci eller utdragen förlossning, drabbar ungefär 21-37% av 
förstföderskor och 2-10% av omföderskor under aktiv förlossning. I utdrivningsskedet är motsvarande 
siffra för förstföderskor ungefär 7-15%. Värksvaghet kan diagnostiseras under den aktiva fasen av 
öppningsskedet samt under utdrivningsskedet (Figur 9.1).  
 
Figur 9.1: Förlossningsförloppets olika skeden och faser. 
Det råder oenighet kring definitionen av startpunkten för aktiv förlossning. Även definitionerna för 
värksvaghet i de olika faserna skiljer sig. Enligt svenska riktlinjer är värksvaghet under 
öppningsskedet när öppningshastigheten av cervix i genomsnitt är mindre än 1 cm per timma under tre 
timmar. En vanlig definition av dystoci under utdrivningsskedet för förstföderskor är mer än 2 timmar 
och med epiduralbedövning, mer än 3 timmar. För omföderskor är motsvarande gränser 1 och 2 
timmar. Värksvaghet behandlas vanligtvis med att ta hål på fosterhinnorna om fostervattnet inte redan 
har gått. Därefter rekommenderas vanligtvis behandling med oxytocin som stimulerar livmoderns 
värkar. 
Dystoci är associerat med en ökad risk för komplikationer hos modern, som t.ex. blödningar i 
samband med förlossningen, bristningar i underlivet, infektioner samt instrumentella vaginala 
förlossningar med sugklocka eller tång. Värksvaghet är en vanlig orsak till akut kejsarsnitt. En 
utdragen förlossning kan ofta uppfattas mer traumatisk och smärtsam än en normallång förlossning. 
Detta kan även påverka kvinnan i hennes beslut om framtida graviditeter och förlossningssätt. 
Angående effekten på barnet av en utdragen förlossning råder det ingen vetenskaplig konsensus. 
Syftet med detta avhandlingsarbete har varit att öka kunskapen om riskfaktorer för värksvaghet och 
konsekvenser av värksvaghet för mödrar och nyfödda barn. Alla fyra studier är baserade på fullgångna 
och överburna graviditeter (≥ 37 graviditetsveckor), enkelbörder med barn i huvudbjudning. Alla 
studierna har godkända etiska tillstånd. 
 
Förlängt utdrivningsskede Förlängt öppningsskede 
Utdrivningsskede Öppningsskede 
Latensfas Aktiv fas Nedträngningsfas Utdrivningsfas 
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Studie I: Återupprepningsrisk för värksvaghet och risk för instrumentell vaginal förlossning 
eller kejsarsnitt i efterföljande förlossning  
Vi använde det svenska Medicinska Födelseregistret (MFR) mellan 1992 och 2006 och undersökte 
nästan 240 000 kvinnor som födde sitt första och andra barn. De analyserades avseende risken att 
drabbas av värksvaghet, instrumentell vaginal förlossning och kejsarsnitt i andra förlossningen i 
relation till värksvaghet och förlossningssätt i första förlossningen. 
Endast 12% av kvinnorna med tidigare värksvaghet drabbades av värksvaghet i sin andra förlossning. 
Risken att drabbas i efterföljande förlossning ökade om man tidigare haft värksvaghet och framförallt 
i kombination med tidigare kejsarsnitt. Ytterligare riskfaktorer för värksvaghet i andra förlossningen 
var ett graviditetsintervall på 4 år eller mer, moderns ålder ≥35 år, kortvuxenhet, övervikt och fetma 
hos modern, att ej vara sammanboende med barnafadern samt överburenhet (≥42 graviditetsveckor). 
Bland kvinnor med tidigare kejsarsnitt på grund av värksvaghet och flera av dessa riskfaktorer hade 
66% en instrumentell vaginal förlossning eller kejsarsnitt i nästkommande förlossning (17% 
instrumentell vaginal förlossning och 49% kejsarsnitt). Bland de kvinnor som tidigare var förlösta 
med kejsarsnitt utan värksvaghet och inte hade någon av ovanstående andra riskfaktorer, blev 
motsvarande 32% förlösta med instrumentell vaginal förlossning eller kejsarsnitt (14% respektive 
18%). För en kvinna med tidigare värksvaghet och vaginal förlossning (spontan eller instrumentell), 
var återupprepningsrisken endast 1 av 10, med låga risker för både instrumentell vaginal förlossning 
och akuta kejsarsnitt. 
Slutsats: Man bör ta hänsyn till tidigare värksvaghet, förlossningssätt och andra riskfaktorer i 
riskbedömningen för värksvaghet och instrumentell förlossning eller kejsarsnitt i nästkommande 
graviditet. 
 
Studie II: Associationen mellan användning av lågmolekylärt heparin (LMWH) under 
graviditet och risk för värksvaghet 
Det finns studier som visar att LMWH kan påverka livmoders förmåga att dra ihop sig och att 
behandling med LMWH skulle kunna minska förlossningens totala längd. Ungefär 1% av alla gravida 
i Sverige använder LMWH under graviditeten som förebyggande behandling mot eller som 
behandling av blodproppar under graviditeten. Vi sammanställde information från MFR, 
Läkemedelsregistret, Patientregistret och Utbildningsregistret hos mer än 500 000 förstföderskor och 
omföderskor. Användning av LMWH i tredje trimetern (sista tredjedelen av graviditeten) samt i första 
och/eller andra trimestern undersöktes med avseende på risken att få en värksvaghetsdiagnos. 
Värksvaghet drabbade 21% av förstföderskor och 5% av omföderskor. Vi fann inte någon association 
mellan LMWH användning under graviditet och risken för att få en värksvaghetsdiagnos, varken hos 
förstföderskor eller omföderskor. Resultaten var oförändrade efter att vi tagit hänsyn till ett flertal 
maternella, fetala och förlossningsrelaterade faktorer.  
Slutsats: LMWH under graviditet minskar inte risken för att drabbas av värksvaghet. 
 
Studie III och IV: Förlängt utdrivningsskede och risk för negativa neonatal utfall för barnen 
I studie III och studie IV användes en databas med detaljerad information från alla graviditeter och 
förlossningar i Stockholms och Gotlands län, motsvarande ca ¼ av alla förlossningar i Sverige.  
Förlossningar hos förstföderskor från 2008 till 2012 inkluderades i studie III (drygt 32 000) och till 
och med 2013 i studie IV (drygt 42 000). I studie IV användes även det Nationella Neonatala 
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Kvalitetsregistret (SNQ) för att få tillgång till mer detaljerad information om de barn som vårdats på 
neonatalavdelningar i anslutning till förlossningen.  
Sambandet mellan längden på utdrivningsskedet och risken för låg Apgar score vid 5 minuter hos 
barnet vid förlossning analyserades i studie III. I studie IV undersöktes utdrivningsskedets längd, samt 
krystningsfasens längd i relation till acidos (lågt pH-värde i arteriellt blod i navelsträngen), asfyxi 
(syrebrist)-relaterade tillstånd hos barnet och inläggning för vård på neonatalavdelning. I analyserna 
tog man hänsyn till maternella, förlossningsrelaterade och fetala faktorer. 
De absoluta riskerna för 5-minuters Apgar score mindre än 7 och mindre än 4 var låga (Apgar score 
<7: 7/1 000 förlossningar, och <4: 1.2/1 000 förlossningar). Jämfört med ett utdrivningsskede på 
mindre än en 1 timma, ökade dock risken för låg Apgar score för varje timma som längden på 
utdrivningsskedet ökade. Detta gällde även när vi bara studerade spontana vaginala förlossningar.  
Risken för asfyxi-relaterade tillstånd och inläggning för vård på neonatalavdelning ökade också med 
längden på utdrivningsskedet. Acidos i navelsträngsblod ökade vid lång krystningsfas men inte vid 
långt totalt utdrivningsskede. De absoluta riskerna för asfyxi och acidos var också låga. I gruppen med 
utdrivningsskede på mindre än 1 timma blev dock 5% inlagda på neonatalavdelning, i jämförelse med 
9.5% vid en längd på 4 timmar eller mer.  
Slutsats: Det finns en liten, men ökad risk för negativa konsekvenser hos barnet vid förlängt 
utdrivningsskede. Vid förlängt utdrivningsskede bör därmed förlossningen övervakas noggrant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
61 
10 ACKNOWLEDGEMENTS 
 
I want to express my deepest gratitude to everyone who have made this PhD-project possible.  
I would especially like to thank: 
Associate professor Olof Stephansson, my main supervisor, for introducing me to science and 
sharing your huge knowledge of the epidemiological research field. Your skilful guidance, 
and your ability to combine the clinical and scientific approaches is an inspiration. During 
these years, you have provided immense support and patience. Thank you for your ability to 
get things done, and for always drag me back to the main questions when I am searching 
details in the shade at the last minute.    
Professor Sven Cnattingius, my co-supervisor, for sharing your vast knowledge of perinatal 
epidemiology and research methodology. Your ability to apprehend the most important facts 
and summarise them into one sentence is extraordinary. With your subtle humour, sharp mind 
and thoughtfulness, it has really been an honour to work with you during these years. 
My co-author, Professor Anna-Karin Wikström, for introducing me to SAS-programming, for 
sharing your knowledge in perinatology, for your supportive and interesting discussions and 
your encouraging attitude. Anastasia Nyman Iliadou, my co-author, for your inexhaustible 
and always kind support during the work with the second study and for the educational 
discussions in epidemiology and statistic. Maria Altman, my co-author and colleague in the 
work with the Obstetric Database, for your knowledge in the neonatal field and for your sharp 
analyses. Stefan Johansson, my co-author, for your work with the neonatal outcomes and for 
your writing skills. Gunnar Petersson, database manager of the Obstetric Database, for your 
thorough work with the data in the database and for always helping out. 
Johan Askling, current, and Anders Ekbom former, head of the Clinical Epidemiology Unit, 
for creating a fruitful and joyful research environment. Michael Forhed, director of research 
education, for all your support during the thesis period. Fredrik Granath, biostatistician, for 
your intelligent solutions and non-solutions to abstract research questions.  
Lotta Elvander, Mia Ahlberg, Katarina Remaeus and Lotta Lindblad-Wollmann at the Unit of 
Clinical Epidemiology, for your sharp and initiating discussions, always with passion and 
laughs. All the other members in the “perinatal epidemiology group” for interesting and 
supportive discussions. The other doctoral students and staff at the Clinical Epidemiology 
Unit, for creating such a stimulating and friendly environment. 
Professor Kristina Gemzell Danielsson, Head of division of Obstetrics and Gynecology at the 
department of Women’s and Children’s health, for your positive, friendly and scientific 
approach.  
Åsa Wijkström, former head of Department of Obstetrics and Gynecology, and current head 
of Department of Obstetrics, at Karolinska University Hospital (KS) for good spirit, kindness 
and for creating a permissive working environment for research.  
       
62 
Charlotta Grunewald, former head of Department of Obstetrics at KS and Sissel Saltvedt, 
until last week, head of Department of Obstetrics at KS, for your vast clinical knowledge and 
your support of my research. 
Sophie Graner, my colleague and head of specialist training. For your professional and yet 
warm and kind support. For your courteous way, enabling me to work with this thesis project, 
fulfil my specialist training and give birth to a couple of kids during these years. Lisskulla 
Sylvén, my former chief during my specialist training, for recruiting me to KS, for all your 
support during my early years as clinician within the gynaecological and obstetric field, and 
for enable me to start my research at the Unit of Clinical Epidemiology.   
All my dear colleges and friends at the department of Obstetrics and Gynecology at KS. For 
sharing your knowledge, for the supportive atmosphere and for making it interesting and fun 
to go to work. To all senior colleagues who taught me clinical obstetrics and those who 
continuously challenge concepts and “truths”. I would especially like to mention Lennart 
Nordtröm, Maria Majczuk Sennström, Eva Nord, Ingela Hultén Varli, and Malin Holzmann. 
All my fellow colleagues and friends during my specialist training. Ulrika Joneborg, my 
mentor during my specialist training and PhD-studies, for being a role model and always 
being supportive and friendly. All the midwives and usk:or at the obstetric department, and 
especially in the “team-training group” for the joy of working and cooperating with you. 
My VOVs, Susanne Sjöström, Marija Simic, Nathalie Roos and Ameli Norling. For your 
intellect, your vast experience, your passion to challenge establishments, truths and 
patriarchal structures, as well as your passion for the beautiful and extraordinary in life.  
All my dear and beloved friends, I am so lucky to have you in my life and I hope to see you 
more often. 
My mother Christina, and father Joar, for your unconditional love and immense support 
throughout life. For always believe in me, also when I am wrong. My brothers Nicke and 
Robin and their families, for always being there. My wonderful children, Ted, Signe and Sten, 
I love you. Jacob, my love, for always keeping things in perceptive, believing in me and 
making life full of adrenaline.  
 
The studies were generously supported by grants from the Swedish Research Council 
and Stockholm County Council (ALF).
   
63 
11 REFERENCES 
1. Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global 
causes of maternal death: a WHO systematic analysis. Lancet Glob Health. 2014 
Jun;2(6):e323-33. 
2. Roos N, von Xylander SR. Why do maternal and newborn deaths continue to 
occur? Best Pract Res Clin Obstet Gynaecol. 2016 Jun 24. 
3. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, 
regional, and national causes of child mortality: an updated systematic analysis for 2010 with 
time trends since 2000. Lancet. 2012 Jun 9;379(9832):2151-61. 
4. Odlind V, Haglund B, Pakkanen M, Otterblad Olausson P. Deliveries, mothers 
and newborn infants in Sweden, 1973-2000. Trends in obstetrics as reported to the Swedish 
Medical Birth Register. Acta obstetricia et gynecologica Scandinavica. 2003 Jun;82(6):516-
28. 
5. Routinely ultrasound scan during pregnancy. In Swedish. SBU-Rapport nr 139. 
Rutinmässing ultraljudsundersökning under graviditet. .  1998  [cited 2016 June 15th ]; 
Available from:  
6. Hogberg U, Larsson N. Early dating by ultrasound and perinatal outcome. A 
cohort study. Acta obstetricia et gynecologica Scandinavica. 1997 Nov;76(10):907-12. 
7. Swedish society for Obstetrics and Gynecology (SFOG). Recommendations for 
fetometry. In Swedish: Rekommendationer för fetometri. SFOG/Ultra-ARG 2010 2010  
[cited May 20:th, 2016]; Available from:  
8. The National Board of Health and Welfare. Official Statistics of Sweden. 
Statistics – Health and Medical Care. Pregnancies, Deliveries and Newborn Infants. The 
Swedish Medical Birth Register 1973–2014 Assisted Reproduction, treatment 1991–2013 
Graviditeter, förlossningar och nyfödda barn Medicinska födelseregistret 1973–2014 
Assisterad befruktning 1991–2013.  2015  [cited May 23, 2016]; Available from:  
9. The Swedish Neonatal Quality Register. 
https://wwwmedscinetcom/pnq/Uploads/%C3%85rsrapport%202014pdf  2016  [cited August 
22nd, 2016; Available from:  
10. Friedman E. The graphic analysis of labor. American journal of obstetrics and 
gynecology. 1954 Dec;68(6):1568-75. 
11. Friedman EA. Primigravid labor; a graphicostatistical analysis. Obstetrics and 
gynecology. 1955 Dec;6(6):567-89. 
12. Friedman EA. Labor in multiparas; a graphicostatistical analysis. Obstetrics and 
gynecology. 1956 Dec;8(6):691-703. 
13. Friedman EA. An objective approach to the diagnosis and management of 
abnormal labor. Bull N Y Acad Med. 1972 Jul;48(6):842-58. 
14. Albers LL, Schiff M, Gorwoda JG. The length of active labor in normal 
pregnancies. Obstetrics and gynecology. 1996 Mar;87(3):355-9. 
15. Zhang J, Troendle JF, Yancey MK. Reassessing the labor curve in nulliparous 
women. American journal of obstetrics and gynecology. 2002 Oct;187(4):824-8. 
       
64 
16. Laughon SK, Branch DW, Beaver J, Zhang J. Changes in labor patterns over 50 
years. American journal of obstetrics and gynecology. 2012 May;206(5):419 e1-9. 
17. Peisner DB, Rosen MG. Transition from latent to active labor. Obstetrics and 
gynecology. 1986 Oct;68(4):448-51. 
18. Zhang J, Troendle J, Mikolajczyk R, Sundaram R, Beaver J, Fraser W. The 
natural history of the normal first stage of labor. Obstetrics and gynecology. 2010 
Apr;115(4):705-10. 
19. Zhang J, Landy HJ, Branch DW, Burkman R, Haberman S, Gregory KD, et al. 
Contemporary patterns of spontaneous labor with normal neonatal outcomes. Obstetrics and 
gynecology. 2010 Dec;116(6):1281-7. 
20. NICE Guidelines. Intrapartum care for healthy women and babies.  2014 
December, 2014. [cited Accessed  August 12:th, 2016]; Available from:  
21. Swedish National Board of Health and Welfare. Normal labour practice. In  
Swedish: Handläggning av normal förlossning State of the art.  2001  [cited 16:th August, 
2016]; Available from:  
22. Committee on Practice Bulletins-Obstetrics ACoO, Gynecologists. Dystocia 
and augmentation of labor. International journal of gynaecology and obstetrics: the official 
organ of the International Federation of Gynaecology and Obstetrics. 2004 Jun;85(3):315-24. 
23. American College of O, Gynecologists, Society for Maternal-Fetal M, Caughey 
AB, Cahill AG, Guise JM, et al. Safe prevention of the primary cesarean delivery. American 
journal of obstetrics and gynecology. 2014 Mar;210(3):179-93. 
24. Swedish Association of Midwifes and Swedish Society of Obstetrics and 
Gynecology. Definition of active labour. In Swedish: Definition av etablerat 
förlossningsarbete.  2015  [cited 16:t August, 2016]; Available from:  
25.  NICE Guidelines: Intrapartum care for healthy women and babies. CG190.  
December, 2014  [cited March 26:th, 2016]; Available from:  
26. Indication for augmentation with oxytocin during active labour. National Board 
of Health and Welfare. In Swedish: Indikation för värkstimulering med oxytocin under aktiv 
förlossning. Rapport från samarbetsprojektet Nationella Medicinska Indikationer.  2011  
[cited May 16:th, 2016]; Available from:  
27. Schiessl B, Janni W, Jundt K, Rammel G, Peschers U, Kainer F. Obstetrical 
parameters influencing the duration of the second stage of labor. European journal of 
obstetrics, gynecology, and reproductive biology. 2005 Jan 10;118(1):17-20. 
28. Kilpatrick SJ, Laros RK, Jr. Characteristics of normal labor. Obstetrics and 
gynecology. 1989 Jul;74(1):85-7. 
29. American College of O, Gynecology Committee on Practice B-O. ACOG 
Practice Bulletin Number 49, December 2003: Dystocia and augmentation of labor. 
Obstetrics and gynecology. 2003 Dec;102(6):1445-54. 
30. Hellman LM, Prystowsky H. The duration of the second stage of labor. 
American journal of obstetrics and gynecology. 1952 Jun;63(6):1223-33. 
31. Cohen WR. Influence of the duration of second stage labor on perinatal 
outcome and puerperal morbidity. Obstetrics and gynecology. 1977 Mar;49(3):266-9. 
   
65 
32. Norwitz ER, Robinson JN, Challis JR. The control of labor. The New England 
journal of medicine. 1999 Aug 26;341(9):660-6. 
33. Kota SK, Gayatri K, Jammula S, Kota SK, Krishna SV, Meher LK, et al. 
Endocrinology of parturition. Indian J Endocrinol Metab. 2013 Jan;17(1):50-9. 
34. Granstrom L, Ekman G, Ulmsten U, Malmstrom A. Changes in the connective 
tissue of corpus and cervix uteri during ripening and labour in term pregnancy. British journal 
of obstetrics and gynaecology. 1989 Oct;96(10):1198-202. 
35. Sennstrom MB, Ekman G, Westergren-Thorsson G, Malmstrom A, Bystrom B, 
Endresen U, et al. Human cervical ripening, an inflammatory process mediated by cytokines. 
Molecular human reproduction. 2000 Apr;6(4):375-81. 
36. Westergren-Thorsson G, Norman M, Bjornsson S, Endresen U, Stjernholm Y, 
Ekman G, et al. Differential expressions of mRNA for proteoglycans, collagens and 
transforming growth factor-beta in the human cervix during pregnancy and involution. 
Biochimica et biophysica acta. 1998 Mar 5;1406(2):203-13. 
37. Hjelm AM, Barchan K, Malmstrom A, Ekman-Ordeberg GE. Changes of the 
uterine proteoglycan distribution at term pregnancy and during labour. European journal of 
obstetrics, gynecology, and reproductive biology. 2002 Jan 10;100(2):146-51. 
38. Cluff AH, Bystrom B, Klimaviciute A, Dahlqvist C, Cebers G, Malmstrom A, 
et al. Prolonged labour associated with lower expression of syndecan 3 and connexin 43 in 
human uterine tissue. Reproductive biology and endocrinology : RB&E. 2006;4:24. 
39. Ekman-Ordeberg G, Hellgren M, Akerud A, Andersson E, Dubicke A, 
Sennstrom M, et al. Low molecular weight heparin stimulates myometrial contractility and 
cervical remodeling in vitro. Acta obstetricia et gynecologica Scandinavica. 2009;88(9):984-
9. 
40. Dorland's Illustrated Medical Dictionary. 28th ed: Saunders; 1994. 
41. Cunningham FG. Williams Obstetrics. In: 24th, editor.: McGraw-Hill 
Education; 2014. 
42. and ACoO, Gynecologists, Society for Maternal-Fetal M, Caughey AB, Cahill 
AG, Guise JM, et al. Safe prevention of the primary cesarean delivery. American journal of 
obstetrics and gynecology. 2014 Mar;210(3):179-93. 
43. Rouse DJ, Owen J, Hauth JC. Active-phase labor arrest: oxytocin augmentation 
for at least 4 hours. Obstetrics and gynecology. 1999 Mar;93(3):323-8. 
44. Rouse DJ, Owen J, Savage KG, Hauth JC. Active phase labor arrest: revisiting 
the 2-hour minimum. Obstetrics and gynecology. 2001 Oct;98(4):550-4. 
45. Lemos A, Amorim MM, Dornelas de Andrade A, de Souza AI, Cabral Filho 
JE, Correia JB. Pushing/bearing down methods for the second stage of labour. The Cochrane 
database of systematic reviews. 2015;10:CD009124. 
46. Fraser WD, Marcoux S, Krauss I, Douglas J, Goulet C, Boulvain M. 
Multicenter, randomized, controlled trial of delayed pushing for nulliparous women in the 
second stage of labor with continuous epidural analgesia. The PEOPLE (Pushing Early or 
Pushing Late with Epidural) Study Group. American journal of obstetrics and gynecology. 
2000 May;182(5):1165-72. 
47. Philpott RH. Graphic records in labour. Br Med J. 1972 Oct 21;4(5833):163-5. 
       
66 
48. Philpott RH, Castle WM. Cervicographs in the management of labour in 
primigravidae. I. The alert line for detecting abnormal labour. The Journal of obstetrics and 
gynaecology of the British Commonwealth. 1972 Jul;79(7):592-8. 
49. World Health Organization partograph in management of labour. World Health 
Organization Maternal Health and Safe Motherhood Programme. Lancet. 1994 Jun 
4;343(8910):1399-404. 
50. Lavender T, Hart A, Smyth RM. Effect of partogram use on outcomes for 
women in spontaneous labour at term. The Cochrane database of systematic reviews. 
2012(8):CD005461. 
51. Bosse G, Massawe S, Jahn A. The partograph in daily practice: it's quality that 
matters. International journal of gynaecology and obstetrics: the official organ of the 
International Federation of Gynaecology and Obstetrics. 2002 Jun;77(3):243-4. 
52. Dujardin B, De Schampheleire I, Sene H, Ndiaye F. Value of the alert and 
action lines on the partogram. Lancet. 1992 May 30;339(8805):1336-8. 
53. O'Driscoll K, Stronge JM, Minogue M. Active management of labour. Br Med 
J. 1973 Jul 21;3(5872):135-7. 
54. Smyth RM, Alldred SK, Markham C. Amniotomy for shortening spontaneous 
labour. The Cochrane database of systematic reviews. 2013(1):CD006167. 
55. Fraser WD, Marcoux S, Moutquin JM, Christen A. Effect of early amniotomy 
on the risk of dystocia in nulliparous women. The Canadian Early Amniotomy Study Group. 
The New England journal of medicine. 1993 Apr 22;328(16):1145-9. 
56. A multicentre randomised trial of amniotomy in spontaneous first labour at 
term. The UK Amniotomy Group. British journal of obstetrics and gynaecology. 1994 
Apr;101(4):307-9. 
57. Johnson N, Lilford R, Guthrie K, Thornton J, Barker M, Kelly M. Randomised 
trial comparing a policy of early with selective amniotomy in uncomplicated labour at term. 
British journal of obstetrics and gynaecology. 1997 Mar;104(3):340-6. 
58. Blanch G, Lavender T, Walkinshaw S, Alfirevic Z. Dysfunctional labour: a 
randomised trial. British journal of obstetrics and gynaecology. 1998 Jan;105(1):117-20. 
59. Rouse DJ, McCullough C, Wren AL, Owen J, Hauth JC. Active-phase labor 
arrest: a randomized trial of chorioamnion management. Obstetrics and gynecology. 1994 
Jun;83(6):937-40. 
60. Wei S, Wo BL, Qi HP, Xu H, Luo ZC, Roy C, et al. Early amniotomy and early 
oxytocin for prevention of, or therapy for, delay in first stage spontaneous labour compared 
with routine care. The Cochrane database of systematic reviews. 2013(8):CD006794. 
61. Goffinet F, Fraser W, Marcoux S, Breart G, Moutquin JM, Daris M. Early 
amniotomy increases the frequency of fetal heart rate abnormalities. Amniotomy Study 
Group. British journal of obstetrics and gynaecology. 1997 May;104(5):548-53. 
62. Seitchik J, Amico J, Robinson AG, Castillo M. Oxytocin augmentation of 
dysfunctional labor. IV. Oxytocin pharmacokinetics. American journal of obstetrics and 
gynecology. 1984 Oct 1;150(3):225-8. 
63. Selin L, Almstrom E, Wallin G, Berg M. Use and abuse of oxytocin for 
augmentation of labor. Acta obstetricia et gynecologica Scandinavica. 2009;88(12):1352-7. 
   
67 
64. Svardby K, Nordstrom L, Sellstrom E. Primiparas with or without oxytocin 
augmentation: a prospective descriptive study. Journal of clinical nursing. 2007 
Jan;16(1):179-84. 
65. Oscarsson ME, Amer-Wahlin I, Rydhstroem H, Kallen K. Outcome in obstetric 
care related to oxytocin use. A population-based study. Acta obstetricia et gynecologica 
Scandinavica. 2006;85(9):1094-8. 
66. Herbst A, Wolner-Hanssen P, Ingemarsson I. Risk factors for acidemia at birth. 
Obstetrics and gynecology. 1997 Jul;90(1):125-30. 
67. Johnson N, van Oudgaarden E, Montague I, McNamara H. The effect of 
oxytocin-induced hyperstimulation on fetal oxygen. British journal of obstetrics and 
gynaecology. 1994 Sep;101(9):805-7. 
68. Jonsson M, Norden-Lindeberg S, Ostlund I, Hanson U. Acidemia at birth, 
related to obstetric characteristics and to oxytocin use, during the last two hours of labor. 
Acta obstetricia et gynecologica Scandinavica. 2008;87(7):745-50. 
69. Jonsson M, Norden-Lindeberg S, Ostlund I, Hanson U. Metabolic acidosis at 
birth and suboptimal care--illustration of the gap between knowledge and clinical practice. 
BJOG. 2009 Oct;116(11):1453-60. 
70. Berglund S, Grunewald C, Pettersson H, Cnattingius S. Severe asphyxia due to 
delivery-related malpractice in Sweden 1990-2005. BJOG. 2008 Feb;115(3):316-23. 
71. O'Driscoll K, Foley M, MacDonald D. Active management of labor as an 
alternative to cesarean section for dystocia. Obstetrics and gynecology. 1984 Apr;63(4):485-
90. 
72. Brown HC, Paranjothy S, Dowswell T, Thomas J. Package of care for active 
management in labour for reducing caesarean section rates in low-risk women. The Cochrane 
database of systematic reviews. 2013(9):CD004907. 
73. Hodnett ED, Gates S, Hofmeyr GJ, Sakala C. Continuous support for women 
during childbirth. The Cochrane database of systematic reviews. 2012;10:CD003766. 
74. Selin L, Wallin G, Berg M. Dystocia in labour - risk factors, management and 
outcome: a retrospective observational study in a Swedish setting. Acta obstetricia et 
gynecologica Scandinavica. 2008;87(2):216-21. 
75. Kjaergaard H, Olsen J, Ottesen B, Dykes AK. Incidence and outcomes of 
dystocia in the active phase of labor in term nulliparous women with spontaneous labor onset. 
Acta obstetricia et gynecologica Scandinavica. 2009;88(4):402-7. 
76. Zhu BP, Grigorescu V, Le T, Lin M, Copeland G, Barone M, et al. Labor 
dystocia and its association with interpregnancy interval. American journal of obstetrics and 
gynecology. 2006 Jul;195(1):121-8. 
77. Nystedt A, Hildingsson I. Diverse definitions of prolonged labour and its 
consequences with sometimes subsequent inappropriate treatment. BMC pregnancy and 
childbirth. 2014;14:233. 
78. Allen VM, Baskett TF, O'Connell CM, McKeen D, Allen AC. Maternal and 
perinatal outcomes with increasing duration of the second stage of labor. Obstetrics and 
gynecology. 2009 Jun;113(6):1248-58. 
       
68 
79. Laughon SK, Berghella V, Reddy UM, Sundaram R, Lu Z, Hoffman MK. 
Neonatal and maternal outcomes with prolonged second stage of labor. Obstetrics and 
gynecology. 2014 Jul;124(1):57-67. 
80. Rouse DJ, Weiner SJ, Bloom SL, Varner MW, Spong CY, Ramin SM, et al. 
Second-stage labor duration in nulliparous women: relationship to maternal and perinatal 
outcomes. American journal of obstetrics and gynecology. 2009 Oct;201(4):357 e1-7. 
81. Bleich AT, Alexander JM, McIntire DD, Leveno KJ. An analysis of second-
stage labor beyond 3 hours in nulliparous women. American journal of perinatology. 2012 
Oct;29(9):717-22. 
82. Cheng YW, Shaffer BL, Nicholson JM, Caughey AB. Second stage of labor 
and epidural use: a larger effect than previously suggested. Obstetrics and gynecology. 2014 
Mar;123(3):527-35. 
83. Albers LL. The duration of labor in healthy women. Journal of perinatology : 
official journal of the California Perinatal Association. 1999 Mar;19(2):114-9. 
84. Greenberg MB, Cheng YW, Sullivan M, Norton ME, Hopkins LM, Caughey 
AB. Does length of labor vary by maternal age? American journal of obstetrics and 
gynecology. 2007 Oct;197(4):428 e1-7. 
85. Zhu BP, Grigorescu V, Le T, Lin M, Copeland G, Barone M, et al. Labor 
dystocia and its association with interpregnancy interval. American journal of obstetrics and 
gynecology. 2006 Jul;195(1):121-8. 
86. Henry DE, Cheng YW, Shaffer BL, Kaimal AJ, Bianco K, Caughey AB. 
Perinatal outcomes in the setting of active phase arrest of labor. Obstetrics and gynecology. 
2008 Nov;112(5):1109-15. 
87. Sheiner E, Levy A, Feinstein U, Hallak M, Mazor M. Risk factors and outcome 
of failure to progress during the first stage of labor: a population-based study. Acta obstetricia 
et gynecologica Scandinavica. 2002 Mar;81(3):222-6. 
88. Feinstein U, Sheiner E, Levy A, Hallak M, Mazor M. Risk factors for arrest of 
descent during the second stage of labor. International journal of gynaecology and obstetrics: 
the official organ of the International Federation of Gynaecology and Obstetrics. 2002 
Apr;77(1):7-14. 
89. Leushuis E, Tromp M, Ravelli AC, van Huis AM, Mol BW, Visser GH, et al. 
Indicators for intervention during the expulsive second-stage arrest of labour. BJOG. 2009 
Dec;116(13):1773-81. 
90. Arulkumaran S, Koh CH, Ingemarsson I, Ratnam SS. Augmentation of labour--
mode of delivery related to cervimetric progress. The Australian & New Zealand journal of 
obstetrics & gynaecology. 1987 Nov;27(4):304-8. 
91. Treacy A, Robson M, O'Herlihy C. Dystocia increases with advancing maternal 
age. American journal of obstetrics and gynecology. 2006 Sep;195(3):760-3. 
92. Kjaergaard H, Dykes AK, Ottesen B, Olsen J. Risk indicators for dystocia in 
low-risk nulliparous women: a study on lifestyle and anthropometrical factors. Journal of 
obstetrics and gynaecology : the journal of the Institute of Obstetrics and Gynaecology. 2010 
Jan;30(1):25-9. 
93. Friedman EA, Sachtleben MR. Relation of Maternal Age to the Course of 
Labor. American journal of obstetrics and gynecology. 1965 Apr 1;91:915-24. 
   
69 
94. Zaki MN, Hibbard JU, Kominiarek MA. Contemporary labor patterns and 
maternal age. Obstetrics and gynecology. 2013 Nov;122(5):1018-24. 
95. Kominiarek MA, Zhang J, Vanveldhuisen P, Troendle J, Beaver J, Hibbard JU. 
Contemporary labor patterns: the impact of maternal body mass index. American journal of 
obstetrics and gynecology. 2011 Sep;205(3):244 e1-8. 
96. Vahratian A, Zhang J, Troendle JF, Savitz DA, Siega-Riz AM. Maternal 
prepregnancy overweight and obesity and the pattern of labor progression in term nulliparous 
women. Obstetrics and gynecology. 2004 Nov;104(5 Pt 1):943-51. 
97. Chin JR, Henry E, Holmgren CM, Varner MW, Branch DW. Maternal obesity 
and contraction strength in the first stage of labor. American journal of obstetrics and 
gynecology. 2012 Aug;207(2):129 e1-6. 
98. Norman SM, Tuuli MG, Odibo AO, Caughey AB, Roehl KA, Cahill AG. The 
effects of obesity on the first stage of labor. Obstetrics and gynecology. 2012 Jul;120(1):130-
5. 
99. Bergholt T, Lim LK, Jorgensen JS, Robson MS. Maternal body mass index in 
the first trimester and risk of cesarean delivery in nulliparous women in spontaneous labor. 
American journal of obstetrics and gynecology. 2007 Feb;196(2):163 e1-5. 
100. Walsh J, Foley M, O'Herlihy C. Dystocia correlates with body mass index in 
both spontaneous and induced nulliparous labors. The journal of maternal-fetal & neonatal 
medicine : the official journal of the European Association of Perinatal Medicine, the 
Federation of Asia and Oceania Perinatal Societies, the International Society of Perinatal 
Obstet. 2011 Jun;24(6):817-21. 
101. Cedergren MI. Non-elective caesarean delivery due to ineffective uterine 
contractility or due to obstructed labour in relation to maternal body mass index. European 
journal of obstetrics, gynecology, and reproductive biology. 2009 Aug;145(2):163-6. 
102. Robinson BK, Mapp DC, Bloom SL, Rouse DJ, Spong CY, Varner MW, et al. 
Increasing maternal body mass index and characteristics of the second stage of labor. 
Obstetrics and gynecology. 2011 Dec;118(6):1309-13. 
103. Greenberg MB, Cheng YW, Hopkins LM, Stotland NE, Bryant AS, Caughey 
AB. Are there ethnic differences in the length of labor? American journal of obstetrics and 
gynecology. 2006 Sep;195(3):743-8. 
104. Adams SS, Eberhard-Gran M, Eskild A. Fear of childbirth and duration of 
labour: a study of 2206 women with intended vaginal delivery. BJOG. 2012 
Sep;119(10):1238-46. 
105. Kjaergaard H, Olsen J, Ottesen B, Nyberg P, Dykes AK. Obstetric risk 
indicators for labour dystocia in nulliparous women: a multi-centre cohort study. BMC 
pregnancy and childbirth. 2008;8:45. 
106. Sizer AR, Evans J, Bailey SM, Wiener J. A second-stage partogram. Obstetrics 
and gynecology. 2000 Nov;96(5 Pt 1):678-83. 
107. Senecal J, Xiong X, Fraser WD, Pushing Early Or Pushing Late with Epidural 
study g. Effect of fetal position on second-stage duration and labor outcome. Obstetrics and 
gynecology. 2005 Apr;105(4):763-72. 
       
70 
108. Piper JM, Bolling DR, Newton ER. The second stage of labor: factors 
influencing duration. American journal of obstetrics and gynecology. 1991 Oct;165(4 Pt 
1):976-9. 
109. Dencker A, Berg M, Bergqvist L, Lilja H. Identification of latent phase factors 
associated with active labor duration in low-risk nulliparous women with spontaneous 
contractions. Acta obstetricia et gynecologica Scandinavica. 2010 Aug;89(8):1034-9. 
110. Chelmow D, Kilpatrick SJ, Laros RK, Jr. Maternal and neonatal outcomes after 
prolonged latent phase. Obstetrics and gynecology. 1993 Apr;81(4):486-91. 
111. Cheng YW, Shaffer BL, Bryant AS, Caughey AB. Length of the first stage of 
labor and associated perinatal outcomes in nulliparous women. Obstetrics and gynecology. 
2010 Nov;116(5):1127-35. 
112. Vahratian A, Zhang J, Troendle JF, Sciscione AC, Hoffman MK. Labor 
progression and risk of cesarean delivery in electively induced nulliparas. Obstetrics and 
gynecology. 2005 Apr;105(4):698-704. 
113. Janakiraman V, Ecker J, Kaimal AJ. Comparing the second stage in induced 
and spontaneous labor. Obstetrics and gynecology. 2010 Sep;116(3):606-11. 
114. Cheng YW, Kaimal AJ, Snowden JM, Nicholson JM, Caughey AB. Induction 
of labor compared to expectant management in low-risk women and associated perinatal 
outcomes. American journal of obstetrics and gynecology. 2012 Dec;207(6):502 e1-8. 
115. Mocanu EV, Greene RA, Byrne BM, Turner MJ. Obstetric and neonatal 
outcome of babies weighing more than 4.5 kg: an analysis by parity. European journal of 
obstetrics, gynecology, and reproductive biology. 2000 Oct;92(2):229-33. 
116. Turner MJ, Rasmussen MJ, Turner JE, Boylan PC, MacDonald D, Stronge JM. 
The influence of birth weight on labor in nulliparas. Obstetrics and gynecology. 1990 
Aug;76(2):159-63. 
117. Nelson DB, McIntire DD, Leveno KJ. Relationship of the length of the first 
stage of labor to the length of the second stage. Obstetrics and gynecology. 2013 
Jul;122(1):27-32. 
118. Harper LM, Caughey AB, Roehl KA, Odibo AO, Cahill AG. Defining an 
abnormal first stage of labor based on maternal and neonatal outcomes. American journal of 
obstetrics and gynecology. 2014 Jun;210(6):536 e1-7. 
119. Sheiner E, Levy A, Feinstein U, Hershkovitz R, Hallak M, Mazor M. Obstetric 
risk factors for failure to progress in the first versus the second stage of labor. The journal of 
maternal-fetal & neonatal medicine : the official journal of the European Association of 
Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International 
Society of Perinatal Obstet. 2002 Jun;11(6):409-13. 
120. Comparative Obstetric Mobile Epidural Trial Study Group UK. Effect of low-
dose mobile versus traditional epidural techniques on mode of delivery: a randomised 
controlled trial. Lancet. 2001 Jul 7;358(9275):19-23. 
121. Anim-Somuah M, Smyth RM, Jones L. Epidural versus non-epidural or no 
analgesia in labour. The Cochrane database of systematic reviews. 2011(12):CD000331. 
122. Lieberman E, O'Donoghue C. Unintended effects of epidural analgesia during 
labor: a systematic review. American journal of obstetrics and gynecology. 2002 May;186(5 
Suppl Nature):S31-68. 
   
71 
123. Halpern SH, Abdallah FW. Effect of labor analgesia on labor outcome. Current 
opinion in anaesthesiology. 2010 Jun;23(3):317-22. 
124. Zhang J, Yancey MK, Klebanoff MA, Schwarz J, Schweitzer D. Does epidural 
analgesia prolong labor and increase risk of cesarean delivery? A natural experiment. 
American journal of obstetrics and gynecology. 2001 Jul;185(1):128-34. 
125. Wassen MM, Zuijlen J, Roumen FJ, Smits LJ, Marcus MA, Nijhuis JG. Early 
versus late epidural analgesia and risk of instrumental delivery in nulliparous women: a 
systematic review. BJOG. 2011 May;118(6):655-61. 
126. Sng BL, Leong WL, Zeng Y, Siddiqui FJ, Assam PN, Lim Y, et al. Early 
versus late initiation of epidural analgesia for labour. The Cochrane database of systematic 
reviews. 2014(10):CD007238. 
127. Barber EL, Lundsberg LS, Belanger K, Pettker CM, Funai EF, Illuzzi JL. 
Indications contributing to the increasing cesarean delivery rate. Obstetrics and gynecology. 
2011 Jul;118(1):29-38. 
128. Gifford DS, Morton SC, Fiske M, Keesey J, Keeler E, Kahn KL. Lack of 
progress in labor as a reason for cesarean. Obstetrics and gynecology. 2000 Apr;95(4):589-
95. 
129. Florica M, Stephansson O, Nordstrom L. Indications associated with increased 
cesarean section rates in a Swedish hospital. International journal of gynaecology and 
obstetrics: the official organ of the International Federation of Gynaecology and Obstetrics. 
2006 Feb;92(2):181-5. 
130. Grobman WA, Bailit J, Lai Y, Reddy UM, Wapner RJ, Varner MW, et al. 
Association of the Duration of Active Pushing With Obstetric Outcomes. Obstetrics and 
gynecology. 2016 Apr;127(4):667-73. 
131. Le Ray C, Audibert F, Goffinet F, Fraser W. When to stop pushing: effects of 
duration of second-stage expulsion efforts on maternal and neonatal outcomes in nulliparous 
women with epidural analgesia. American journal of obstetrics and gynecology. 2009 
Oct;201(4):361 e1-7. 
132. Cheng YW, Hopkins LM, Laros RK, Jr., Caughey AB. Duration of the second 
stage of labor in multiparous women: maternal and neonatal outcomes. American journal of 
obstetrics and gynecology. 2007 Jun;196(6):585 e1-6. 
133. Cheng YW, Hopkins LM, Caughey AB. How long is too long: Does a 
prolonged second stage of labor in nulliparous women affect maternal and neonatal 
outcomes? American journal of obstetrics and gynecology. 2004 Sep;191(3):933-8. 
134. Myles TD, Santolaya J. Maternal and neonatal outcomes in patients with a 
prolonged second stage of labor. Obstetrics and gynecology. 2003 Jul;102(1):52-8. 
135. Saunders NS, Paterson CM, Wadsworth J. Neonatal and maternal morbidity in 
relation to the length of the second stage of labour. British journal of obstetrics and 
gynaecology. 1992 May;99(5):381-5. 
136. Stephansson O, Sandstrom A, Petersson G, Wikstrom AK, Cnattingius S. 
Prolonged second stage of labour, maternal infectious disease, urinary retention and other 
complications in the early postpartum period. BJOG. 2015 Jan 20. 
137. Cheng YW, Caughey AB. Second stage of labor. Clinical obstetrics and 
gynecology. 2015 Jun;58(2):227-40. 
       
72 
138. Cheng YW, Shaffer BL, Bianco K, Caughey AB. Timing of operative vaginal 
delivery and associated perinatal outcomes in nulliparous women. The journal of maternal-
fetal & neonatal medicine : the official journal of the European Association of Perinatal 
Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society of 
Perinatal Obstet. 2011 May;24(5):692-7. 
139. Aiken CE, Aiken AR, Prentice A. Influence of the duration of the second stage 
of labor on the likelihood of obstetric anal sphincter injury. Birth. 2015 Mar;42(1):86-93. 
140. Harper LM, Cahill AG, Roehl KA, Odibo AO, Stamilio DM, Macones GA. 
The pattern of labor preceding uterine rupture. American journal of obstetrics and 
gynecology. 2012 Sep;207(3):210 e1-6. 
141. Kelly J. Vesico-vaginal and recto-vaginal fistulae. J R Soc Med. 1992 
May;85(5):257-8. 
142. Wong CA, Scavone BM, Dugan S, Smith JC, Prather H, Ganchiff JN, et al. 
Incidence of postpartum lumbosacral spine and lower extremity nerve injuries. Obstetrics and 
gynecology. 2003 Feb;101(2):279-88. 
143. Nystedt A, Hogberg U, Lundman B. The negative birth experience of 
prolonged labour: a case-referent study. Journal of clinical nursing. 2005 May;14(5):579-86. 
144. Nystedt A, Hogberg U, Lundman B. Some Swedish women's experiences of 
prolonged labour. Midwifery. 2006 Mar;22(1):56-65. 
145. Mehta SH, Bujold E, Blackwell SC, Sorokin Y, Sokol RJ. Is abnormal labor 
associated with shoulder dystocia in nulliparous women? American journal of obstetrics and 
gynecology. 2004 Jun;190(6):1604-7; discussion 7-9. 
146. Menticoglou SM, Manning F, Harman C, Morrison I. Perinatal outcome in 
relation to second-stage duration. American journal of obstetrics and gynecology. 1995 
Sep;173(3 Pt 1):906-12. 
147. Janni W, Schiessl B, Peschers U, Huber S, Strobl B, Hantschmann P, et al. The 
prognostic impact of a prolonged second stage of labor on maternal and fetal outcome. Acta 
obstetricia et gynecologica Scandinavica. 2002 Mar;81(3):214-21. 
148. Yli BM, Kro GA, Rasmussen S, Khoury J, Noren H, Amer-Wahlin I, et al. 
How does the duration of active pushing in labor affect neonatal outcomes? Journal of 
perinatal medicine. 2012 Feb;40(2):171-8. 
149. Calltorp J, Adami HO, Astrom H, Fryklund L, Rossner S, Trolle Y, et al. 
Country profile: Sweden. Lancet. 1996 Mar 2;347(9001):587-94. 
150. Stone R, Frank L. Swedish bioscience. Karolinska Inc. Science. 2001 Sep 
28;293(5539):2374-6. 
151. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish 
personal identity number: possibilities and pitfalls in healthcare and medical research. 
European journal of epidemiology. 2009;24(11):659-67. 
152. Cnattingius S, Ericson A, Gunnarskog J, Kallen B. A quality study of a medical 
birth registry. Scandinavian journal of social medicine. 1990 Jun;18(2):143-8. 
153. Källén B KK. Centre for Epidemiology at the Swedish National Board of 
Health and Welfare. The Swedish Medical Birth Register- A summary of content and quality. 
http://wwwsocialstyrelsense/Lists/Artikelkatalog/Attachments/10655/2003-112-
3_20031123pdf  2003  [cited May 23, 2016]; Available from:  
   
73 
154. Larsson A-Cea. Evaluation of the Swedish register of education, Background 
Fact, Population and Welfare Statistics 2006:4. Statistics Sweden. 2006. 
155. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, 
et al. External review and validation of the Swedish national inpatient register. Bmc Public 
Health. 2011;11:450. 
156. Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P, 
Bergman U, et al. The new Swedish Prescribed Drug Register--opportunities for 
pharmacoepidemiological research and experience from the first six months. 
Pharmacoepidemiology and drug safety. 2007 Jul;16(7):726-35. 
157. Elvander C, Ahlberg M, Thies-Lagergren L, Cnattingius S, Stephansson O. 
Birth position and obstetric anal sphincter injury: a population-based study of 113 000 
spontaneous births. BMC pregnancy and childbirth. 2015;15:252. 
158. Wikstrom AK, Gunnarsdottir J, Nelander M, Simic M, Stephansson O, 
Cnattingius S. Prehypertension in Pregnancy and Risks of Small for Gestational Age Infant 
and Stillbirth. Hypertension. 2016 Mar;67(3):640-6. 
159. Marsal K, Persson PH, Larsen T, Lilja H, Selbing A, Sultan B. Intrauterine 
growth curves based on ultrasonically estimated foetal weights. Acta paediatrica. 1996 
Jul;85(7):843-8. 
160. Spiegelman D, Hertzmark E. Easy SAS calculations for risk or prevalence 
ratios and differences. American journal of epidemiology. 2005 Aug 1;162(3):199-200. 
161. Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis of 
correlated data using generalized estimating equations: an orientation. American journal of 
epidemiology. 2003 Feb 15;157(4):364-75. 
162. Sorensen HT, Johnsen SP, Larsen H, Pedersen L, Nielsen GL, Moller M. Birth 
outcomes in pregnant women treated with low-molecular-weight heparin. Acta obstetricia et 
gynecologica Scandinavica. 2000 Aug;79(8):655-9. 
163. Donnelly J, Byrne J, Murphy K, McAuliffe F. Obstetric outcome with low 
molecular weight heparin therapy during pregnancy. Irish medical journal. 2012 
Jan;105(1):27-9. 
164. Isma N, Svensson PJ, Lindblad B, Lindqvist PG. The effect of low molecular 
weight heparin (dalteparin) on duration and initiation of labour. Journal of thrombosis and 
thrombolysis. 2010 Aug;30(2):149-53. 
165. Andersen AS, Berthelsen JG, Bergholt T. Venous thromboembolism in 
pregnancy: prophylaxis and treatment with low molecular weight heparin. Acta obstetricia et 
gynecologica Scandinavica. 2010;89(1):15-21. 
166. Galambosi PJ, Kaaja RJ, Stefanovic V, Ulander VM. Safety of low-molecular-
weight heparin during pregnancy: a retrospective controlled cohort study. European journal 
of obstetrics, gynecology, and reproductive biology. 2012 Aug;163(2):154-9. 
167. Simpson EL, Lawrenson RA, Nightingale AL, Farmer RD. Venous 
thromboembolism in pregnancy and the puerperium: incidence and additional risk factors 
from a London perinatal database. BJOG. 2001 Jan;108(1):56-60. 
168. Altman MR, Lydon-Rochelle MT. Prolonged second stage of labor and risk of 
adverse maternal and perinatal outcomes: a systematic review. Birth. 2006 Dec;33(4):315-22. 
       
74 
169. Scott KD, Klaus PH, Klaus MH. The obstetrical and postpartum benefits of 
continuous support during childbirth. J Womens Health Gend Based Med. 1999 
Dec;8(10):1257-64. 
170. Himes SK, Stroud LR, Scheidweiler KB, Niaura RS, Huestis MA. Prenatal 
tobacco exposure, biomarkers for tobacco in meconium, and neonatal growth outcomes. The 
Journal of pediatrics. 2013 May;162(5):970-5. 
171. Patterson RM. Estimation of fetal weight during labor. Obstetrics and 
gynecology. 1985 Mar;65(3):330-2. 
172. Hospital Episode Statistics Analysis, Health and Social Care Information. NHS 
Maternity Statistics – England, 2013-14.  2015  [cited 26:th of August, 2016]; Available 
from:  
173. Liu S, Liston RM, Joseph KS, Heaman M, Sauve R, Kramer MS, et al. 
Maternal mortality and severe morbidity associated with low-risk planned cesarean delivery 
versus planned vaginal delivery at term. CMAJ. 2007 Feb 13;176(4):455-60. 
174. Clark SL, Belfort MA, Dildy GA, Herbst MA, Meyers JA, Hankins GD. 
Maternal death in the 21st century: causes, prevention, and relationship to cesarean delivery. 
American journal of obstetrics and gynecology. 2008 Jul;199(1):36 e1-5; discussion 91-2 e7-
11. 
175. Solheim KN, Esakoff TF, Little SE, Cheng YW, Sparks TN, Caughey AB. The 
effect of cesarean delivery rates on the future incidence of placenta previa, placenta accreta, 
and maternal mortality. The journal of maternal-fetal & neonatal medicine : the official 
journal of the European Association of Perinatal Medicine, the Federation of Asia and 
Oceania Perinatal Societies, the International Society of Perinatal Obstet. 2011 
Nov;24(11):1341-6. 
176. Zhang J, Troendle J, Reddy UM, Laughon SK, Branch DW, Burkman R, et al. 
Contemporary cesarean delivery practice in the United States. American journal of obstetrics 
and gynecology. 2010 Oct;203(4):326 e1- e10. 
177. Swedish Society for Obstetrics and Gynecology (SFOG), Reference group for 
perinatology, Report no 65. Caesarean section. In Swedish: Kejsarsnitt.  2010  [cited 27th of 
August, 2016]; Available from:  
178. Martin JA, Hamilton BE, Ventura SJ, Osterman MJ, Mathews TJ. Births: final 
data for 2011. Natl Vital Stat Rep. 2013 Jun 28;62(1):1-69, 72. 
179. Landon MB, Hauth JC, Leveno KJ, Spong CY, Leindecker S, Varner MW, et 
al. Maternal and perinatal outcomes associated with a trial of labor after prior cesarean 
delivery. The New England journal of medicine. 2004 Dec 16;351(25):2581-9. 
180. Macones GA, Peipert J, Nelson DB, Odibo A, Stevens EJ, Stamilio DM, et al. 
Maternal complications with vaginal birth after cesarean delivery: a multicenter study. 
American journal of obstetrics and gynecology. 2005 Nov;193(5):1656-62. 
181. Shipp TD, Zelop CM, Repke JT, Cohen A, Caughey AB, Lieberman E. Labor 
after previous cesarean: influence of prior indication and parity. Obstetrics and gynecology. 
2000 Jun;95(6 Pt 1):913-6. 
182. Landon MB, Leindecker S, Spong CY, Hauth JC, Bloom S, Varner MW, et al. 
The MFMU Cesarean Registry: factors affecting the success of trial of labor after previous 
cesarean delivery. American journal of obstetrics and gynecology. 2005 Sep;193(3 Pt 
2):1016-23. 
   
75 
183. Rosen MG, Dickinson JC. Vaginal birth after cesarean: a meta-analysis of 
indicators for success. Obstetrics and gynecology. 1990 Nov;76(5 Pt 1):865-9. 
184. NICE Clinical Guidelines, National Collaborating Centre for Women’s and 
Children’s Health. 
Caesarean section.  2011  [cited 2016 27th of August]; Available from:  
185. Grobman WA, Lai Y, Landon MB, Spong CY, Leveno KJ, Rouse DJ, et al. 
Development of a nomogram for prediction of vaginal birth after cesarean delivery. 
Obstetrics and gynecology. 2007 Apr;109(4):806-12. 
186. Gregory KD, Korst LM, Fridman M, Shihady I, Broussard P, Fink A, et al. 
Vaginal birth after cesarean: clinical risk factors associated with adverse outcome. American 
journal of obstetrics and gynecology. 2008 Apr;198(4):452 e1-10; discussion  e10-2. 
187. American College of O, Gynecologists. ACOG Practice bulletin no. 115: 
Vaginal birth after previous cesarean delivery. Obstetrics and gynecology. 2010 Aug;116(2 
Pt 1):450-63. 
188. Ekman-Ordeberg G, Akerud A, Dubicke A, Malmstrom A, Hellgren M. Does 
low molecular weight heparin shorten term labor? Acta obstetricia et gynecologica 
Scandinavica. 2010;89(1):147-50. 
189. Greer IA, Nelson-Piercy C. Low-molecular-weight heparins for 
thromboprophylaxis and treatment of venous thromboembolism in pregnancy: a systematic 
review of safety and efficacy. Blood. 2005 Jul 15;106(2):401-7. 
190. Hagelin A, Leyon J. The effect of labor on the acid-base status of the newborn. 
Acta obstetricia et gynecologica Scandinavica. 1998 Sep;77(8):841-4. 
191. Piquard F, Schaefer A, Hsiung R, Dellenbach P, Haberey P. Are there two 
biological parts in the second stage of labor? Acta obstetricia et gynecologica Scandinavica. 
1989;68(8):713-8. 
192. Aldrich CJ, D'Antona D, Spencer JA, Wyatt JS, Peebles DM, Delpy DT, et al. 
The effect of maternal pushing on fetal cerebral oxygenation and blood volume during the 
second stage of labour. British journal of obstetrics and gynaecology. 1995 Jun;102(6):448-
53. 
193. Wood C, Ng KH, Hounslow D, Benning H. Time--an important variable in 
normal delivery. The Journal of obstetrics and gynaecology of the British Commonwealth. 
1973 Apr;80(4):295-300. 
194. Nordstrom L, Achanna S, Naka K, Arulkumaran S. Fetal and maternal lactate 
increase during active second stage of labour. BJOG. 2001 Mar;108(3):263-8. 
195. Dilenge ME, Majnemer A, Shevell MI. Long-term developmental outcome of 
asphyxiated term neonates. J Child Neurol. 2001 Nov;16(11):781-92. 
196. Goldaber KG, Gilstrap LC, 3rd, Leveno KJ, Dax JS, McIntire DD. Pathologic 
fetal acidemia. Obstetrics and gynecology. 1991 Dec;78(6):1103-7. 
197. Ingemarsson I, Herbst A, Thorngren-Jerneck K. Long term outcome after 
umbilical artery acidaemia at term birth: influence of gender and duration of fetal heart rate 
abnormalities. British journal of obstetrics and gynaecology. 1997 Oct;104(10):1123-7. 
198. Ehrenstein V, Pedersen L, Grijota M, Nielsen GL, Rothman KJ, Sorensen HT. 
Association of Apgar score at five minutes with long-term neurologic disability and cognitive 
       
76 
function in a prevalence study of Danish conscripts. BMC pregnancy and childbirth. 
2009;9:14. 
199. Sun Y, Vestergaard M, Pedersen CB, Christensen J, Olsen J. Apgar scores and 
long-term risk of epilepsy. Epidemiology. 2006 May;17(3):296-301. 
 
 
 
